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- EXECUTIVE SUMMARY

This focused feasibility study (FFS) report presents the detailed analysis of
alternatives for both interim remedial measures (IRM) and potential future actions for the
100-BC-5 Operable Unit. The limited field investigation recommended that the operable unit
be removed from the IRM pathway as defined in the Hanford Past-Practice Strategy
(DOE-RL 1991a). By agreement among the operable unit managers, the FFS was initiated in
support of a final action. However, in the course of evaluating alternatives, it was
recognized that the data were insufficient to support a final action. Consequently, the unit
managers decided to complete the document as an interim FFS to document the modeling and
evaluation efforts done to date. Based on current knowledge, the potential contaminant of
interest in the operable unit for a final action would be strontium-90 which has a calculated
incremental cancer risk (ICR) of 2E-06 based on an occasional-use exposure scenario and
which exceeds the Safe Drinking Water Act maximum contaminant level of 8 pCi/L in the
near-river wells. The modeling to support the evaluation of alternatives was conducted using
strontium-90 data from groundwater monitoring wells in the operable unit.

Chromium and aluminum slightly exceeded ecological benchmark values; however,
more recent sampling has shown the levels to be even lower. Ecological hazard guotients
were estimated using maximum concentrations from near river wells with no consideration
for mixing of the contaminants at the interface of the groundwater and the river. Due to the
limited extent of these contaminants and the relatively low levels, the LFI concluded that no
IRM was warranted for the operable unit. Therefore, this report does not support interim
action nor does it completely support a final action. The report should be considered a
forward looking document in support of a future final action for the operable unit.

The 100-BC-5 Operable Unit is one of three operable units associated with the 100
B/C Area of the Hanford Site. Two of the 100 B/C operable units (100-BC-1 and BC-2) are
source units, The 100-BC-5 Groundwater Operable Unit includes the groundwater beneath
the source operable units and the adjacent groundwater, surface water, fluvial sediments, and
aquatic biota impacted by the overlying source operable unit.

The key assumptions which form the basis for the FFS are as follows:

. The purpose of the IRM is to address an identified threat to human health or
the environment.

. The objectives of the FFS are to protect the Columbia River and to abate
offsite migration of contaminants.

. To meet the objectives, the alternatives are aimed at containment and control
of contaminant plumes. (The alternatives are not designed for mass reduction
or aquifer cleanup.}

. The occasional-use scenario is assumed for the operable unit.

ES-1
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. For purposes of cost estimates, the FFS uses a finite lifecycle for the IRM to
the year 2008. At this time it is assumed that any final action will be
implemented, be it a continuation of the IRM or a redirection of the action.

. The 100 Area Feasibility Study Phases 1 & 2 (DOE-RL 1994a) forms the basis
for the alternatives evaluated in the FFS. Additional alternatives or deviations
from the alternatives are only considered when the defined alternative does not
meet the operable unit specifics. The Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA) does, however, aliow
the flexibility of specifying different process options at any point in the
remedial investigation/feasibility study process if warranted by site
circumstances.

. Disposal to the Environment Restoration Disposal Facility is assumed for all
solid wastes generated. This includes the assumption that sufficient space is
available and that the facility will be operating on a schedule consistent with
the IRM.

Based on the qualitative risk assessment performed for the operable unit, analysis
under the occasional-use scenario resulted in the identification of strontium-90 as a human
health contaminant of potential concern (COPC); however, it should be noted that the COPC
had a low incremental cancer risk (< 1E-4). Therefore, the COPC does not represent an
unacceptable human health risk under this exposure scenario.

Ecological scenarios were evaluated using biological receptors which live in or near
the Columbia River. The ecological risk assessment identified potential risks from aluminum
and chromium based on exceedances of Ambient Water Quality Criteria. These exceedances
were based on the maximum concentrations detected in the near river wells. No allowance
was made for environmental attenuation of the contaminants, such as mixing. These
constituents were not identified in the river; the concentrations are significantly reduced by
the mixing and dilution action of the river.

Based on an additional analysis of the data, chromium is identified as the contaminant
of concemn (COC) for the operable unit. In the context of FFS, COC are those constituents
that must be addressed by remedial actions.

The FFS process includes an evaluation of remedial action objectives (RAQ). The
RAO are medium-specific or operable unit-specific objectives for protecting human heaith
and the environment. The RAO are based on the land-use, COC, applicable or relevant and
appropriate requirements (ARAR), and exposure pathways and include specific remediation
goals so that an appropriate range of remedial options can be developed for analysis.

The RAQ for environmental protection are:
o control groundwater movement to minimize release of COC from groundwater

to surface water that would result in concentrations in the river in excess of
Ambient Water Quality Criteria
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e prevent destruction of critical habitat; minimize destruction of noncritical
habitat; prevent adverse impacts to threatened or endangered species

o prevent erosion of soil during remediation that would contribute to surface
water concentrations greater than the Ambient Water Quality Criteria for the
COC in surface. water.

The preliminary remediation goal (PRG) is 50 ug/L measured in two consecutive
sampling rounds in the near-river wells as established in the Tri-Party Agreement Change
Control Form M-15-93-02 (Ecology et al. 1994). Chromium concentrations below the
chronic Ambient Water Quality Criterion of 11 ug/L as measured in the substrate are
considered alternate PRG. These PRG represent screening criteria for the FFS. Final

remediation goals will be set in the record of decision.

In the 100 Area Feasibility Study Phases 1 and 2 (DOE-RL 1994a), alternatives were
developed and screened for the 100 Area as a whole. The FFS modifies these alternatives to
meet site-specific conditions. The alternatives considered in the FFS are:

GW-1 - no action

GW-2 - institutional controls/continued current actions
GW-3 - containment

GW-4 - in situ treatment

GW-5 - removal, treatment, disposal using ion exchange
GW-6 - removal, treatment, disposal using reverse 0smosis.

Table ES-1 lists the processes included in each alternative. Alternative GW-4 was not
considered in the FFS because this alternative applies to organic contaminants and nitrate,
neither of which are COC for the operable unit.

 The alternatives are defined in detail in the FFS to facilitate the detailed analysis.
The detailed analysis is presented in tables where each alternative is compared to seven of
the nine CERCLA criteria. These criteria are as foilows:

overall protectiveness

compliance with ARAR

long-term effectiveness

reduction of toxicity, mobility, or volume
short-term effectiveness

implementability

cost.

The comparative analysis uses the results of the detailed analysis to compare

~ — alternativesto each-other for-their relative ability to -meet the CERCLA criteria. The results
of the detailed and comparative analyses are summarized in Figure ES-1. The FFS will
support the proposed plan for the IRM in the operable unit.
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Figure ES-1 Summary of Comparative Analysis

100-BC.-5
Groundwater
Operable Unit
Evaluation Alternatives!
Criteria GW.1|GW-2| GW-3| GW.5 | GW-6

Overall Protection of Human Health
and Environment

Compliance with ARAR2

Long-Term Effectiveness and
Permanence

Reduction of Toxicity, Mobility,
and Volume

Short-Term Effectiveness

Implementability

Present Worth 0
($ millions)

25 | 16,6 | 88.7

Notes:

+ GW-1
+ GW:2
* GW-3
+ GW-5
+ GW-6

Alternatives are summarized as follows:

No Interim Action

Institutional Control

Containment

Removal/Ton Exchange Treatment/Disposal
Removal/Reverse Osmosis Treatment/Disposal

ARAR - applicable or relevant and appropriate

requirement

Note:

GW-4 (In Situ Treatment) was not evaluated.

ESF-1
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- Table ES-1 Alternatives and Process Options

GW-1: No Action

e ———

PROCESSES

Groundwater monitoring

GW-2: Institutional Controls/
Continued Current Actions

Access restrictions

Groundwater monitoring

Evaluation of results of current actions

- pilot-scale treatability test

- Columbia River Comprehensive Impact
Evaluation

- river/groundwater interaction studies

- chromium speciation studies

- source remediation

GW-3: Containment

Extraction wells

GW-5: Removal, Treatment, and Disposal
Using Ion Exchange

Removal

- extraction wells

Physical treatment:

- filtration

- ion exchange
Stabilization/solidification:

- cement-based solidification
Liquid disposal:

- river discharge or injection into an aquifer
Solids disposal;

- ERDF, W-025, or other site
Monitoring

GW-6: Removal, Treatment, and Disposal
Using Reverse QOsmosis

Removal:

- extraction wells

Physical treatment:

- filtration

- reverse osmosis

- forced evaporation
Stabilization/solidification:

- cement-based solidification
Liquid disposal:

- crib disposal

- river disposal

- injection to aquifer

Solids disposal:

- ERDF, W-025, or other site

Monitoring

ERDF - Environmental Restoration Disposal Facility

EST-1




CERCLA
CFR
coC
COPC
CRCIA
CSCF
CSTR
DF
DOE
DOT
Ecology

EPA
ERA
ERDF
FBR
FFS

FS

GRA
HCRL
HFSUWG
HI
HRA-EIS
HQ
HSRAM
ICR
IRM
LFI
MCL
meq/mL
MOC
MTCA
NCP
NEPA
NPDES
NPL
0&M
OTD
PNL
QRA
RAGS
RAO
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ACRONYMS

applicable or relevant and appropriate requirements
Comprehensive Environmental Recovery, Compensation, and Liability Act

Code of Federal Regulations
contaminants of concern
contaminants of potential concern

Columbia River Comprehensive Impact Assessment

continuously stirred continuous flow
continuously stirred-tank bioreactors
decontamination factor

U.S. Department of Energy

Department of Transportation

Washington State Department of Ecology
environmental hazard quotient
Environmental Management

U.S. Environmental Protection Agency
expedited response action

Environmental Restoration Disposal Facility
fluidized-bed bioreactors

focused feasibility study

feasibility study

general response actions

Hanford Cultural Resources Laboratory
Hanford Future Site Uses Working Group
hazard index

Hanford Remedial Action Environmental Impact
hazard quotient

Hanford Site Risk Assessment Methodology
incremental cancer risk

interim remedial measures

limited field investigation

maximum contaminant level

milliequivalent per milliliter

method of characteristics

Model Toxics Control Act

National Contingency Plan

National Environmental Policy Act
National Pollutant Discharge Elimination System
National Priorities List

operation and maintenance

Office of Technology Development

Pacific Northwest Laboratories

qualitative risk assessment

Risk Assessment Guidance of Superfund
remedial action objective

iii
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- ACRONYMS (cont)

RCRA Resource Conservation and Recovery Act
RfD reference dose
RI remedial investigation
ROD Record of Decision
SDWA Safe Drinking Water Act
SF slope factor
SVE soil vapor extraction
TBC to-be-considered
Tri-Party
Agreement Hanford Federal Facility Agreement and Consent Order
UCL upper confidence level
USGS U.S. Geological Survey
VOC volatile organic compound
WAC Washington Administrative Code

WHC Westinghouse Hanford Company

v
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- 1.0 INTRODUCTION

This focused feasibility study (FFS) report is in support of the Comprehensive
Environmental Response, Compensation, and Liability Act of 1980 (CERCLA) remedial
investigation/feasibility study (RI/FS) activities for the 100-BC-5 Groundwater Operable
Unit. The RI/FS process is described in the Guidance for Conducting Remedial
Investigations and Feasibility Studies Under CERCLA (EPA 1988). This focused feasibility
study (FFS) report presents the detailed analysis of alternatives for both interim remedial
measures (IRM) and potential future actions for the 100-BC-5 Operable Unit. The limited
field investigation recommended that the operable unit be removed from the IRM pathway as
defined in the Hanford Past-Practice Strategy (DOE-RL 1991a). By agreement among the
operable unit managers, the FFS was initiated in support of a final action. However, in the
course of evaluating alternatives, it was recognized that the data were insufficient to support
a final action. Consequently, the unit managers decided to complete the document as an
interim FFS to document the modeling and evaluation efforts done to date. Based on current
knowledge, the potential contaminant of interest in the operable unit for a final action would
be strontium-90 which has a calculated incremental cancer risk (ICR) of 2E-06 based on an
occasional-use exposure scenario and which exceeds the Safe Drinking Water Act maximum
contaminant level of 8 pCi/L in the near-river wells. The modeling to support the evaluation
of alternatives was conducted using strontium-90 data from groundwater monitoring wells in
the operable unit.

Chromium and aluminum slightly exceeded ecological benchmark values; however,
more recent sampling has shown the levels to be even lower. Ecological hazard guotients
were estimated using maximum concentrations from near river wells with no consideration
for mixing of the contaminants at the interface of the groundwater and the river. Due to the
limited extent of these contaminants and the relatively low levels, the LFI concluded that no
IRM was warranted for the operable unit. Therefore, this report does not support interim
action nor does it completely support a final action. The report should be considered a
forward looking document in support of a future final action for the operable unit.

The 100 Area is one of four areas on the Hanford Site that are on the U.S.
Environmental Protection Agency’s (EPA) National Priorities List (NPL) under CERCLA
(Figure 1-1}. The 100-BC-5 Operable Unit is one of three operable units associated with the
100 B/C Area at the Hanford Site (Figure 1-2). Two of the 100 B/C Area operable units are
source operable units and one is a groundwater operable unit. The 100-BC-1 Operable Unit
includes the liquid and sludge disposal sites generally associated with operation of the
B Reactor. The 100-BC-2 Operable Unit includes the C Reactor and its associated facilities,
the burial grounds south of the C Reactor, and the solid waste facilities northeast of the
B Reactor. The 100-BC-5 Groundwater Operable Unit includes the groundwater below the
source operable units plus the adjacent groundwater, surface water, sediments, and aquatic
biota impacted by the 100 B/C Area operations.

The approach for the RI/FS activities for the 100 Area operable units has been further
defined in the Hanford Past-Practice Strategy (DOE-RL 1991a). This strategy streamlines
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the past-practice remedial action process with a bias for action through optimizing the use of
interim remedial measures (IRM) and expedited response actions (ERA).

All work conducted at the 100 Area waste sites is in accordance with the conditions
set forth in the Hanford Federal Facility Agreement and Consent Order (Tri-Party
Agreement) (Ecology et al. 1990) and its amendments, signed by the Washington Department
of Ecology (Ecology), EPA, and the U.S. Department of Energy (DOE).

1.1 PURPOSE AND SCOPE

The Hanford Past-Practice Strategy (DOE-RL 1991a) defines the FFS as an
evaluation of a limited number of alternatives that are focused to the scope of the response
action planned. The FFS constitutes the detailed analysis phase which completes the FS
evaluation process for the targeted IRM. In addition to the screened alternatives evaluated in
the 100 Area Feasibility Study Phases 1 and 2 (DOE-RL 1994a), the detailed analysis phases
integrate the results of areawide studies such as river impact, shoreline, ecological, cultural
resources, treatability, and background studies as well as information from operable
unit-specific limited field investigations (LFI) and qualitative risk assessments (QRA).

The FFS does the following things:

. updates and refines remedial action objectives (RAQO), contaminants of concem
(COC), applicable or relevant and appropriate requirements (ARAR), and
remedial alternatives based on new information developed since the
development of the 100 Area Feasibility Study Phases 1 and 2 (DOE-RL
1994a) (additional risk assessment may be used to refine RAO and COC)

. performs detailed and comparative analysis of IRM alternatives.

The FFS is performed primarily to provide a detailed analysis of remedial action
alternatives for sites remaining on the IRM pathway as identified in the operable unit-specific
LFI reports.

The objective of the FFS is to provide decision makers sufficient information on
waste site conditions and remedial alternatives to allow them to make an appropriate and
timely decision on remediation of sites to be addressed through IRM. The FFS evaluates
alternatives identified in the 100 Area Feasibility Study Phases 1 and 2 (DOE-RL 1994a) and
considers new information on technologies, operable unit characteristics, and area wide
studies. '

The 100-BC-5 Operable Unit represents a special case because the LFI did not
recommend keeping the operable unit on the IRM pathway. However, the operable unit
managers agreed to proceed with the FFS to document the applicable alternatives and to meet
previously agreed upon milestones.
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~  Concurrently, FFS are being prepared for some of the 100 Area source operable unit.
Source remediation is integral to successful remediation of groundwater; therefore, the
remediation of groundwater is closely tied to the remediation of the sources of contamination.
The source FFS currently under preparation are aimed at the high priority sites, mainly the
" liquid waste sités. Remediation of ihese sites will likely play-a major role in remediation of
the groundwater by eliminating a pathway for continued contamination.

1.2 REPORT ORGANIZATION

The FFS is organized into the following sections:

. Section 1.0 - introduction and discussion of purpose of report and summaries
of 100 Area studies that support the FFS.

. Section 2.0 - operable unit background and summaries of operable unit-specific
reports.

. Section 3.0 - discussion of RAO including land use, COC, ARAR, and
remediation goals.

o Section 4.0 - detailed descriptions of the groundwater remedial alternatives
identified in the 100 Area FS including any modifications to the alternatives
based on new information concerning contaminants or technologies; discussion
of uncertainties associated with the alternatives.

. Section 5.0 - discussion of modeling efforts for FFS.

. Section 6.0 - discussion of detailed analysis methodology; detailed analysis
tables comparing each alternative to the CERCLA nine criteria.

° Section 7.0 - discussion of sensitivities associated with the key assumptions for
the FFS.

. Section 8.0 - comparative analysis of alternatives using the CERCLA nine
criteria.

. Appendix A - data evaluation for supplemental nisk assessment.

. Appendix B - supplemental risk assessment.

. Appendix C - ARAR.
. Appendix D - general detailed alternative descriptions.

. Appendix E - cost models.
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1.3- SUMMARY OF THE HANFORD PAST-PRACTICE STRATEGY

The strategy streamlines the past-practice remedial action process with a bias for
- action. through the use of ERA and IRM. The strategy focuses on reaching early decisions to
initiate and complete remedial projects and maximizing the use of existing data, coupled with
focused, short time-frame investigations where necessary,

must be integrated to bring an operable unit from field investigation through record of
decision (ROD). The diagram is consistent with the approach outlined in the Hanford
Pasi-Practice Strategy (DOE-RL 1991a). This figure provides a graphical description of the
entire process of characterization activities, risk assessments, treatability studies, and FS for
the high and low priority sites within an operable unit and for the operable unit as a whole.
Each of the figure elements and their interrelationships are described in the 700 Area
Feasibility Study Phases 1 and 2 (DOE-RL 1994a).

1.4 SUMMARY OF 100 AREA FEASIBILITY STUDY PHASES 1 AND 2

The 100 Area Phase 1 and 2 FS provided an evaluation of the known 100 Area
characteristics and identified the range of remedial alternatives that are most appropriate for
protection of human heaith and the environment for the entire aggregate area. The purpose
of the 100 Area FS was to:

. provide a generalized view of applicable and workable remedial technologies
as applied to the site contamination problems as a whole

. evaluate groups of sites based on similarity, as opposed to geographical
location and operable unit designation

. develop and screen remedial alternatives to be used in the detailed analysis
phase of the FFS for IRM or final FS for individual operable units.

The 100 Area Phase 1 and 2 FS consisted of four principal tasks:

. identify COC for the media of concern

. identify ARAR pertinent to all general response actions

*  develop remedial alternatives (Phase 1) applicable to the 100 Area including
development of remedial action objectives, development of general response
actions, identification and screening of technologies and process options, and
assembly of remedial alternatives from representative technology types

. screen alternatives (Phase 2) developed in Phase 1 for implementability,

- efféctiveness, and costs to 1dentify those alternatives that-warrant advancement
to the detailed analysis phase of future FFS.
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-~ General response actions (GRA) and alternatives retained as a result of Phases 1 and 2
are evaluated in detail in the FFS. General response actions were identified as follows:

no action

institutional actions

containment actions

in situ treatment actions
removal/treatment/disposal actions.

Alternatives retained from Phases 1 and 2 are listed in Table 1-1.

1.5 100 AREA WIDE AND AGGREGATE AREA STUDIES

The 100 Area aggregate studies and Hanford Site studies, such as the Hanford Site
background studies, provide integrated analyses of selected issues on a scale larger than an
operable unit. The 100 Area work plans (DOE-RL 1992a-d) address studies common to the
100 Area covering topics such as a river impact, shoreline, ecology, and cultural resources.
Resuits of these studies are summarized in the following sections. Details of the studies can
be found in the corresponding references.

1.5.1 Hanford Site Background

The natural inorganic chemical composition of groundwater in the unconfined aquifer
system beneath the Hanford Site is presented in Hanford Site Groundwater Background
(DOE-RL 1992e). The characterization effort identifies the types and concentrations of
inorganic analytes that exist naturally in the groundwater. Provisional threshold levels for 40
inorganic analytes developed in this effort are listed in the LFI. Background values for most
radionuclides and organic constituents have not been developed.

1.5.2 Hanford Remedial Action Environmental Impact Statement

In accordance with DOE Order 5400.4 and Chapter 10 Code of Federal Regulations
(CFR) Part 1021, the values of the National Environmental Policy Act (NEPA) of 1969 are
to be incorporated in the CERCLA process. Many of the NEPA values are addressed in the
detailed analysis of remedial alternatives within this FFS; however, Hanford Site and
areawide impacts are addressed by the Hanford Remedial Action Environmental Impact
Statement (HRA-EIS).

The HRA-EIS analyzes the impacts caused by remediating the CERCLA/Resource
Conservation and Recovery Act (RCRA) past-practice waste sites on the Hanford Site. The
NEPA strategy follows a tiered approach that allows the issues addressed in the HRA-EIS to
be incorporated into subsequent assessments by reference alone (40 CFR 1502.20). A draft
of the HRA-EIS was scheduled for public review in August 1994; however, the draft
HRA-EIS has been delayed for possibly up to two years. The final ROD for the HRA-EIS is
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scheduled for April 1995 and will also likely be delayed. In the interim, there is no
definitive land-use scenario for the 100 Area.

1.5.3 Ecological Studies

Bird, mammal, and plant surveys were conducted and reported in Sackschewsky and
Landeen (1992). Current contamination data has been compiled from other sources, along
with ecological pathways and lists of all wildlife and plants at the site, including threatened
and endangered species (Weiss and Mitchell 1992). Another report (Caldwell 1994),
discusses aquatic species on the Hanford Reach of the Columbia River; mapping activities of
vegetation on the site and efforts to survey species of concern; shrub-steppe bird surveys;
and mule deer and elk population monitoring. Report conclusions state that intrusive
activities, such as remedial actions, that are conducted inside the controlled-area fences will
not have a significant impact on the wildlife. Intrusive activities outside the controlied-area

documents listed below are followed (Landeen et al. 1993):
. Bald Eagle Management Plan (Fitzner and Weiss 1994)

. Biological Assessment of Threatened and Endangered Species (Fitzner et al.
1994),

The ecology of the riverine and riparion zones associated with the Columbia River is
summarized in the Columbia River Impact Evaluation Plan (DOE-RL 1993a). Additional
information sources are included as references in the evaluation plan.

The DOE policy also states that site-specific ecological surveys will be conducted at
all sites where cleanup and remedial actions are performed.

1.5.4 Groundwater/River Interaction

Several projects are contributing to a better understanding of how contaminated
groundwater from the Hanford Site enters the Columbia River along the 100 Areas. This
topic was included in an earlier Tri-Party Agreement milestone that addressed 100 Areas
general investigations (M-30-00 series). A submilestone required 1) installing equipment and
2) initiating monitoring activities to perform long-term evaluation of river/aquifer interaction;
both milestone requirements were compieted by September 1993. There are no subsequent
milestones, however, to present the results of the evaluation of interaction.

Automated equipment is installed in wells at each reactor area to measure water levels
at hourly intervals. Similar stations are operating at four reactor areas to measure river stage
changes. Selected stations also contain sensors to record temperature and electrical
conductivity. In the 100 H Area, simultaneous recording of water levels, temperature, and
conductivity are being made in the nearshore river, in riverbank seepage, and in a shoreline
monitoring well. All of these stations will be operated for a time period sufficient to
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describe daily, weekly, and seasonal river cycles (most stations will have meet this objective
by Fall 1994). Operation of the equipment and selected results are described in annual
progress reports (e.g. Campbell 1994).

Monitoring activities include data collection by the equipment just described, as well
as data collected for operable unit sampling tasks, as listed in work plans. Groundwater,
riverbank seepage, and shoreline sediments are all sampled as part of operable unit sampling.
Nonenvironmental restoration program activities, such as RCRA groundwater monitoring and
sitewide environmental surveillance conducted under DOE Order 5400.1, also contribute data
that are relevant to river/aquifer interaction investigations. A summary of water quality data
from near-river monitoring wells, riverbank seepage, and nearshore river water is presented
in Peterson and Johnson (1992). Riverbank seepage, shoreline sediment, and river water
data for sampling activities conducted for the environmental restoration program are
published in DOE-RL (1992f) and WHC (1993a). The data are also available from the
Hanford Environmental Information System.

Interpretation of river/aquifer interaction data is in progress. Initial results show that
groundwater is affected by river stage changes in several ways. River fluctuations can be
observed as water level changes in wells throughout the reactor areas, with a time lag and
amplitude decrease occurring as the well’s distance from the river increases. This
information has potential use for inferring aquifer hydraulic properties (e.g. McMahon and
Peterson 1992). River stage changes also affect water quality, but only within several
hundred feet of the river, and to varying degrees depending on the magnitude and duration of
stage changes. Evidence for some degree of groundwater dilution by river water prior to
crossing the channel interface is found in river bank seepage concentrations of contaminants.
Seepage concentrations are almost always intermediate between values in shoreline wells and
nearshore river water (Peterson and Johnson 1992).

An understanding of the physical and chemical environment at the aquifer/river
interface, and of the processes occurring at the interface, is fundamental for assessing the
impact of Hanford Site groundwater on Columbia River water quality and ecosystems. It is
also relevant in assessing the performance of remediation activities. Continued investigation
of aquifer/river exchange is strongly encouraged to support future records of decision for
environmental restoration.

1.5.5 Investigations of Chromium in Groundwater

An effort is underway to describe how chromium moves with groundwater and where
chromium fixation might occur (DOE-RL 1993a). This study of chromium speciation looks
at the concentrations and valence state of chromium in the unconfined aquifer, at the
interface between the aquifer and the river, and in the nearshore river. Analysis of the
various valence states in sediments and periphyton coatings on sediments is included, along
with tests involving potential changes in valence state that occurs when groundwater is mixed
with river water. Initial interpretations suggest that some hexavalent chromium in
groundwater is reduced to the less-toxic and less-mobile trivalent state at the aquifer/river
interface.
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1.6 SUMMARY OF 100 AREA GROUNDWATER TREATABILITY STUDIES

Treatability tests were conducted on groundwater samples collected from the
100-HR-3 Groundwater Operable Unit to collect data on treatment technologies. The
100-HR-3 Operable Unit consists of the groundwater beneath the 100 H and
100 D/DR Areas; constituents in the operable unit include chromium, nitrate, and uranium.
Bench-scale tests of biodenitrification used batch studies to determine if biodenitrification
could reduce the nitrate concentration to a residual of <45 mg/L (as NO;), the current
maximum contaminant level (MCL) as defined in the Safe Drinking Water Act (SDWA)
(40 CFR 141). The tests were conducted under the /00-HR-3 Groundwater Treatability Test
Plan (DOE-RL 1992f), the Treatability Study Program Plan (DOE-RL 1992g), and the 100
Area Groundwater Biodenitrification Bench-Scale Treatability Study Procedures (Peyton and
Martin 1993). The results of the test are presented in 100 Area Groundwater
Biodenitrification Bench-Scale Treatability Study -- Final Report (Peyton 1994).

Treatability tests were also conducted to test the removal of chromate, nitrate, and
uranium (VI) using precipitation/reduction and/or ion exchange treatments. The tests are
described in the 100-HR-3 Groundwater Treatability Test Plan (DOE-RL 1992f). Procedures
for the tests are specified in 100-HR-3 Area Groundwater Treamment Tests for Ex Situ
Removal of Chromate, Nitrate, and Uranium (VI) by Precipitation/Reduction and/or Ion
Exchange (WHC 1993a); results are presented in Trearment Tests for Ex Situ Removal of
Chromate, Nitrate, and Uranium (VI) from Hanford (100-HR-3) Groundwater Final Report

e (WHC 1993b).  Results of each test are summarized in the following sections.

1.6.1 Precipitation/Reduction

1.6.1.1 Sulfide Precipitation. A ferrous sulfate/sodium sulfide method was tested to first
reduce the chromium (VI) to chromium (III) and then to coprecipitate the reduced chromium
with the resulting ferric hydroxide and/or ferric sulfide (WHC 1993b). The possible
reduction and/or precipitation of uranium was also investigated. The ferrous sulfate/sodium
sulfide treatment was effective at removing the chromium (decontamination factor [DF] of
64); however, the treatment failed to remove uranium or nitrate and generated significant
quantities of sludge. (The DF is defined as the original concentration of the contaminant
divided by the concentration after treatment. A DF <2 is considered insignificant.) The
method resulted in a colloidal suspension which was not removed by centrifugation,

1.6.1.2 Brushite Coprecipitation. Disodium hydrogen phosphate was used to precipitate
brushite from the contained calcium ion naturaily present in the groundwater to determine the
potential for removing uranium. The incidental removal of chromate from solution by
coprecipitation with brushite was also investigated. The brushite treatment produced
significant DF for uranium (DF = 32). This treatment did not result in significant DF (>2)
for chromate and had little effect on nitrate concentrations. Because neither precipitation
method resulted in removal of both chromate and uranium and because both generated
significant quantities of studge or flocculent, no further tests were conducted.
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1.6.2 Ion Exchange

Three different strong-base anion exchange resins were tested based on
recommendations of resin manufacturers (Dowex 21K" from Dow Chemical Company and
Amberlite 402" and 410 from Rohm and Haas Company). All three resins had excellent DF
for uranium (90470 to 110+70) and chromate (60+46 to 90+12). The Dowex 21K" had a
much higher DF for nitrate (40+20) than the Amberlite 410™ (12142) or Amberlite 402"
(6+1). The Dowex 21K™ removed the high concentration of contaminants down to the level
of detection for several hundred column volumes.

The test was a full factorial experiment, which means that all combinations of the
variables of interest were explored. Tests conducted included batch tests, equilibrium tests,
and breakthrough tests. Equilibrium tests showed that the adsorption potential for Dowex
21K" for uranium and chromate was far higher than the amount of groundwater available for

spiking.
The following summarizes the results of the batch anion exchange resin test results:

. No pretreatment requirements were identified in the treatability tests; however
a prefilter is recommended for field application.

. The optimum resin for treatment of chromate, nitrate, and uranium based on
the results of the tests is Dowex 21K", a strong-base anion exchange resin.

. No breakthrough was observed in water from well 199-H4-4 for chromium or
uranium. Nitrate showed breakthrough after 445 column volumes. The
concentrations from this well were 84,600 ppb nitrate, 49 ppb uranium,

65.5 ppb chromate, and 79.4 ppb total chromium.

. Breakthrough for water from well 199-D5-15 occurred at 450 column volumes
for nitrate and 1,100 column volumes for chromium. Initial concentrations
were 49,700 ppb nitrate, 12 ppb uranium, 1,930 ppb chromate, and 2,025 ppb
total chromium. Breakthrough for chromium occurred at 100 ppb; therefore,
1925 ppb was taken up by the ion exchange resin. The capacity of the
Dowex 21K is 2.79 ug chromium per mg of resin based on the test results for
this well water.

. No degradation of resin or resin life was noted during multiple cycles.

. During the multiple cycles, the contaminant concentrations were below the
performance goals with the exception of uranium. This may not be too
significant because the levels of uranium introduced in the test were much
higher (8 times) than typical 100 Area groundwater uranium concentrations.

. The ion exchange was eluted with 4 to 5 column volumes of 4 M sodium

chloride then washed with one to two column volumes to regenerate the resin
for reuse. The concentrations in the eluate were typically several hundred
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thousand ppb chromium, ten million ppb nitrate, and thirty thousand ppb
uranium. Both the eluate and wash contained uranium and were considered
mixed waste.

As part of the breakthrough tests, a low flow rate (16 column volumes per hour
[3.4E-4 gal/min]) test using groundwater spiked with 700 ppb uranium, 1,770 ppb chromium
(VD), 2,020 ppb total chromium, and 192,300 ppb nitrate showed that 1,800 column volumes
were insufficient to show breakthrough for uranium. Chromium concentrations at 1,800
column volumes were near the performance level at 3% to 4% of original concentrations.
Nitrate showed breakthrough at 350 column volumes, which corresponds to a resin loading
of 1.1 milliequivalents/milliliter (meq/mL) of wet conditioned resin. This loading is very
close 10 the theoretical capacity of 1.2 meq/mL for the Dowex 21K" resin. (Breakthrough is
defined as 50% of the original concentration.)

A high flow rate (27 column volumes per hour [5.7E-4 gal/min}) test using
groundwater spiked with 820 ppb uranium, 2,100 ppb chromium, 1,990 ppb chromate, and
212,700 ppb nitrate showed no breakthrough for chromium; however, the test was ended
prematurely due to equipment failures, Uranium concentrations were slightly higher in the
effluent than in the slow flow rate test which may indicate that the kinetics of uranium
adsorption are slow. The uranium concentration was always less than the performance level

(22 pg/L).

1.7 PILOT-SCALE TREATABILITY STUDY

Milestone M-15-06E requires that DOE being pilot-scale pump and treat operations
for 100-HR-3 Operable Unit by August 1994. The pilot-scale is to address chromium.
Assuming the pilot scale is successful, it would continue to operate until the ROD.
Full-scale operation would be implemented if it were determined to be the selected remedy
under the 100-HR-3 ROD. If the pump and treat operation is the selected remedy under the
ROD it would continue until the three parties evaluate the operation using the following
criteria:

1) Hexavalent chromium measured in wells near the Columbia River fall below
the Model Toxics Control Act (MTCA) standard for chromium of 50 ug/L for
two consection sampling periods.

2) Sampling of water occurring in the river bottom substrate environment, where
springs are suspected to discharge contaminated groundwater, in concentrations
representative of the plume, indicates that hexavalent chromium in this
environment is below and will remain below the chronic Ambient Water
Quality Criterion for the protection of freshwater aquatic life for hexavalent
chromium (11 ug/L) set by the EPA.

3) Groundwater/Columbia River interaction studies, numerical models or physical

models indicate that predicted levels of hexavalent chromium within the
riverbed substrate environment, where contaminated groundwater is suspected
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to discharge, in concentrations representative of the plume, are below the
chronic Ambient Water Quality Criterion for the protection of freshwater
aquatic life for hexavalent chromium (11 pg/L) set by the EPA.

Biological surveys, such as aerial photographic records, of Columbia River
sections where contaminated groundwater discharges may reasonably be
expected to occur, indicate that contemporary salmonid redd distributions are
at concentrations and locations expected if hexavalent chromium were not an
influence.

The effectiveness (including cost/unit of hexavalent chromium removed) of the
treatment technology does not justify further operation.

An alternate treatment technique, such as chemical reduction of the hexavalent
chromium to a less toxic valence, that is more effective or is less costly is
substituted.

Assumptions associated with the Tri-Party Agreement Change Contrel Form (Ecology
et al. 1994) for the pilot-scale treatability test are as follows:

The LFI activities do not identify hexavalent chromium data inconsistent with
data to date.

The QRA justifies the need for remediation.

Treated effluent containing contaminants above State water quality standards
can be disposed of the soil column or aquifer.

Hazardous, radioactive and/or mixed waste {e.g. resins) will be stored and/or
disposed of on-site at locations as agreed to by the three parties.

Bench-scale tests will confirm treatment assumptions.

The pilot-scale treatability test will be performed in accordance with the
100-HR-3 Groundwater Treatability Test Plan (DOE-RL 1992f).

The Pilot-Scale Treatability Test Plan for the 100-HR-3 Operable Unit (DOE-RL
1994b) provides an outline for the pilot-scale test using the Dowex 21K resin in an ion
exchange pump and treat system,

1.8 KEY ASSUMPTIONS FOR FFS

The key assumptions which form the basis for the FFS are as follows:

The purpose of the IRM is to address an identified threat to human health or
the environment.
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. The objectives of the FFS are to protect the Columbia River and to abate
offsite migration of contaminants,

. To meet the objectives, the alternatives are aimed at containment and control
of contaminant plumes. (The alternatives are not designed for mass reduction
or aquifer cleanup.)

. The occasional-use scenario is assumed for.the operable unit.

. For purposes of cost estimates, the FFS uses a finite lifecycle for the IRM to
the year 2008. At this time it is assumed that any final action will be
implemented, be it a continuation of the IRM or a redirection of the action.

. The 100 Area Feasibility Study Phases 1 & 2 (DOE-RL 1994a) forms the basis
for the alternatives evaluated in the FFS. Additional alternatives or deviations
from the alternatives are only considered when the defined alternative does not
meet the operable unit specifics. The CERCLA does, however, allow the
flexibility of specifying different process options at any point in the RI/FS
process if warranted by site circumstances.

. Disposal to the Environmental Restoration Disposal Facility (ERDF) is
assumed for all solid wastes generated. This includes the assumption that
sufficient space is available and that the facility will be operating on a schedule
consistent with the IRM.

Each of these key assumptions is discussed in Sections 2.0 through 6.0 of the FFS.
The sensitivities associated with these assumptions are discussed in Section 7.0,
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Figure 1-1 Hanford Site
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Table 1-1 Alternatives Retained from 100 Area Feasibility Study

GRA = general response action
FFS = focused feasibility study

ERDF = Environmental Restoration Disposal Facility

1T-1

Alternative Description Recommendation
GwW-1 No Action Retain for detailed analysis and sk
assessment data,
GwW.2 Institutional: Water-rights and deed restrictions Retain to preserve range of GRA to be
Groundwater monitoring ‘ evaluated in FFS.
Columbia River as altcrmate water supply
GwW-3 Containment: Slurry walls Retain to preserve range of GRA to be
Extraction wells evaluated in FFS.
GW-4 In Situ Biodenitrification Retain as an in situ treatment action,
Treatment: Alr stripping
GW-5 Removal, Extraction wells Retain as a removal, treatment, and
Treatment, Biodenitrification disposal action based on chemical
& Disposal: Chemical oxidation, precipitation, and treatment processes.
chemical reduction
Media filtration and ion exchange
Cement-based solidification
Injection into aquifer
ERDF i
GW-6 Removal, Extraction welis Retain as a removal, treatment, and
Treatment, Biodenitrification disposal action based on physical
& Disposal: Air stripping, forced evaporation, media treatment processes,
filtration, and reverse osmosis 4
Cement-based solidification
Crib disposal, vaults, and trenches/pits
ERDF
— .}
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- 2.0 OPERABLE UNIT BACKGROUND

The 100-BC-5 Operable Unit is located in the north-central portion of the Hanford
Site along the southern shoreline of the Columbia River (see Figures 1-1 and 1-2). The site
is approximately 45 km (28 mi) northwest of the city of Richland and encompasses
approximately 3.0 km? (1.1 mi?). It lies predominantly within Section 11, the southern
portion of Section 2, and the western portion of Section 12 of Township 13N, Range 25E.
The 100 B/C Area lies approximately between the north/south Washington State coordinates
N143700 and N145500 and east/west coordinates E5S64200 and ES66800. Outfall structures
and river effluent pipelines will be addressed by an ERA.

Since the preparation of the 100 Area Feasibility Study Phases 1 and 2 (DOE-RL
1994a), additional data has been collected relevant to the 100 Area in general, as well as the
100 B/C Area and the 100-BC-5 Operable Unit specifically. An LFI and QRA were
performed for the operable unit and aggregate area studies were performed to evaluate
cultural resources, area ecology, and the Columbia River and its sediments.

2.1 LIMITED FIELD INVESTIGATION

As part of the LFI, ten new groundwater monitoring wells were installed in the
100-HR-3 Operable Unit. These wells were constructed to help define groundwater quality:

in areas of potential public or environmental exposure
° immediately downgradient of priority source operable unit waste sites.

Well locations are shown on Figure 2-1.

Groundwater samples were collected from these wells and existing monitoring wells.
Samples were collected over five rounds of sampling. Analyses were conducted for organic,
inorganic, and radioactive constituents. Concentrations for strontium-90 and chromium are
presented in Figures 2-2 and 2-3. Soil samples were collected during well drilling activities
and analyzed for physical properties. The data derived from this sampling and analysis effort
were used to perform the QRA (WHC 1993c) and the supplemental risk assessment
(Appendix B). Table 2-1 presents the maximum concentrations identified in the 100 B/C
Area in the aquifer, in the near-river wells, in the springs and seeps, and in the river.
Results of the LFI indicated an IRM for the 100-BC-5 Operable Unit was not warranted.
However, the unit managers agreed to proceed with the FFS to document applicable
alternatives for any future actions that may be necessary following source remediation and
continuing activities.

2.2 CULTURAL RESOURCES REVIEW

In compliance with Section 106 of the National Historic Preservation Act, and at the
request of Westinghouse Hanford Company (WHC), the Hanford Cultural Resources

2-1
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Laboratory (HCRL) conducted an archaeological survey during fiscal year 1991 of the

100 Area reactor components on the Hanford Site (Chatters et al. 1992). This survey was
conducted as part of a comprehensive cultural resources review of the 100 Area CERCLA
operable units in support of CERCLA characterization activities. The work included a
literature and records review and pedestrian survey of the project area following procedures
established in the Hanford Cultural Resources Managemen: Plan (Chatters 1989).

The 100 B/C Area consists of approximately 441 ha (1089 acres), of which nearly
30% (133 ha [329 acres]) was surveyed. Most of this operable unit is on the gently sloping
Pleistocene terrace ranging from 133 m (436 ft) above sea level on the north edge to 153 m
(501 ft) above sea level at the southern boundary. The remainder of the area is a steeply
sloping bank (1:10, i.e., 10% grade) that extends down to the Columbia River shoreline. An
extensive gravel beach is exposed along the north boundary of the operable unit at low water.
On the upstream end of the operable unit, the bank is less steep, broadening into a gently
sloping (1:50, i.e., 2% grade) gravel flat, 150 m (492 ft) wide. Archeological survey
efforts were concentrated along the shoreline and the undisturbed periphery around the
reactor complex. ‘

Two archaeological sites (H3-17 and 45BN446) and a single isolated artifact
(45BN430) were located within the 100 B/C Area. Site H3-17 is located on the high terraces
occupied by the reactor facilities and may be affected by CERCLA activities. Site 45BN446
is at risk because it may be located near frontage roads or launch facilities and may be
affected by CERCLA activities. Figure 2-2 shows the areas of the operable unit that have
been surveyed for cultural resources.

Evaluation of the significance of all sites discovered in fiscal year 1991 will likely be
conducted in the future. The DOE is currently considering negotiating a programmatic
agreement with the Washington State Historic Preservation Office, the Advisory Council for
Historic Preservation, and affected Native American Tribes to aid in the mitigation of affects
to significant historic properties that are within or affected by contamination from CERCLA
operable units. All work and road building associated with CERCLA activities in the 100
Area will be reviewed by HCRL and DOE personnel and plans will be adjusted to avoid

impacts to cultural resources whenever possible.

2.3 COLUMBIA RIVER STUDIES

The Columbia River Comprehensive Impact Assessment {CRCIA), established in
Tri-Party Agreement Milestone M-13-80, will evaluate the current human and ecological
risks to the Columbia River attributable to past and present activities on the Hanford Site.
The CRCIA is being conducted by Pacific Northwest Laboratory (PNL). Human risk from
exposure to radioactive and hazardous materials will be addressed for a range of river use
options. Ecological risk will be evaluated relative to the health of the current river
ecosystem (Eslinger et al. 1994).
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2.4- RISK ASSESSMENT

A QRA was performed for the 100-BC-5 Operable Unit. In addition, the QRA was
reviewed and expanded to facilitate evaluation of a final operable unit action at 100-BC-5.
The following sections describe the risk assessment activities and results. Appendix A
presents an analysis of all rounds of 100-BC-5 LFI data and Appendix B is a report of the
supplemental risk assessment conducted for the operable unit.

2.4.1 Qualitative Risk Assessment

The purpose of the QRA at the 100-BC-5 Operable Unit was to focus on a limited set
of human and environmental exposure scenarios to provide sufficient information to support
defensible decisions on the necessity of IRM.

2.4.1.1 Data Used in QRA. The QRA used the first three rounds of LFI groundwater
sampling data. The data were evaluated for consistency and compliance with EPA guidance
(EPA 1989). Data from all wells were used to identify a maximum concentration. This
maximum concentration was then used in the calculation of human health risk. For the
ecological evaluation, maximum concentration data from near-river wells only were used.
This data represented a conservative estimate of concentrations available for biological
exposure at the groundwater/river interface.

2.4.1.2 Exposure Scenarios. Frequent- and occasional-use exposure scenarios were
evaluated in the human health QRA to provide bounding estimates of risk consistent with the
residential and recreational exposure scenarios presented in the Hanford Site Risk Assessment
Methodology (HSRAM) (DOE-RL 1994c). Human exposure was limited to ingestion of
contaminated groundwater, inhalation of volatile contaminants during water use, and external
exposure to radionuclides.

The results of the human health risk estimates for carcinogens are grouped into the
following categories based on lifetime incremental cancer risk (ICR):

e high >1x 107
. medium 1x10%t01x 107
. low 1x10%t0 1 x 10*
. very low <1 x 10%.

Human health risk associated with the occasional-use scerario of medium or high ICR
or a hazard index (HI) >1 keeps a waste site on the IRM pathway. Contaminants with
hazard quotients (HQ) > 1 were identified as contaminants of potential concern (COPC).
The results of the ecological risk assessment were evaluated in terms of an ecological hazard
quotient (EHQ). Any contaminant with an EHQ > 1 was identified as COPC.

The frequent-use scenario assessment identified bis(2-ethylhexyl)phthalate, tritium,
carbon-14, strontium-90, and technetium-99 as COPC. The occasional-use scenario resulted
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in the identification of only one contaminant with an ICR >1 x 10” - strontium-90.
However, the ICR for strontium-90 (2 x 10) is in the low range.

Ecological scenarios were evaluated using biological endpoints which live in or near
the Columbia River. The ecological risk assessment identified potential risks from aluminum
and chromium based on exceedances of Ambient Water Quality Criteria. These exceedances
were based on the maximum concentrations detected in the near river wells. No allowance
was made for environmental attenuation. These constituents were not identified in the river;
the concentrations are significantly reduced by the mixing and dilution action of the river.

2.4.2 Supplemental Risk Assessment

In addition to the QRA and based on agreement of the parties to the Tri-Party
Agreement (see Appendix B), some additional risk assessment efforts were performed in
support of this FFS. This supplemental risk assessment reviewed data from all rounds of
LFI groundwater sampling and included an additional exposure pathway through fish
ingestion. Because volatile contaminants were not identified as COPC in the operable unit,
the inhalation pathway was not assessed. Likewise, external exposure to beta emitters (such
as strontium-90) is generally not a health risk; therefore, this pathway was excluded from the
supplemental risk assessment.

2.4.2.1 Data Used in Risk Assessment. This supplemental risk assessment reviewed all
five available rounds of data for consistency (see Appendix A); however, only the last two
rounds (spring and fall 1993) were used in the risk calculation. The last two rounds
represent the most equilibrated data (i.e., completion of new wells has in some instanced
artificially elevated metals concentrations; these concentrations generally equilibrate within a
few rounds of sampling). Data from the near-river wells were used in the supplemental risk
assessment because groundwater concentrations in these wells represent conservative
estimates of the concentrations in spring water that could potentially be ingested.

Appendix A of this FFS report describes the data evaluation used in the supplemental risk
assessment.

2.4.2.2 Exposure Scenarios. The scenarios and pathways for this risk assessment were
discussed and selected by the 100 Area Tri-Party unit managers. The occasional-use

(i.e., recreational) exposure scenario, as described in the QRA, was used as the basis for the
supplemental risk assessment with an additional pathway through fish ingestion. The purpose
of the exposure assessment was to estimate the magnitude, frequency, duration, and route of
exposure to the COPC that human receptors may experience. This exposure information was
then integrated with appropriate toxicity information to provide an assessment of the nature
and extent of any health threats from the COPC. The primary components of an exposure
assessment are identification of potential human receptor populations and exposure pathways,
exposure point concentration, and the quantification of contaminant intakes. The results of
the supplemental risk assessment are presented in Tables 2-1 and 2-2. The results of the
supplemental risk assessment were the same as the original QRA in that only strontium-90
had an ICR >1 x 10%; again, this ICR is within the acceptable low range.



DQOE/RL-94-59
Draft A

2.4.2.3 Ecological Risk Assessment, No additional risk assessment beyond the QRA was
performed on ecological receptors.
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T Figure 2-4 Cultural Survey Areas
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Potential Concern

Table 2-1 Summary of Maximum Concentrations for Contaminants of

2T-1

Analyte Maximum Maximum Maxirmum Maximum River
Groundwater Groundwater Spring Concentration
Concentration Concentration Concentration
R 1-(All Wells) - | (Near River Wells) -
Strontium-90 (pCi/L) 130 130 6.3 0.6
Aluminum (mg/L) 0.291 0.327 0.268 0.0382
Chromium (mg/L) 0.0268 0.036 0.0541 ND
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~- Table 2-2 Summary of Human Health Risks Data from Supplemental

Risk Assessment! for the 100-BC-5 Operable Unit

Carcinogenic Parameters

Parameter Intake ICR
mg/kg-d
RADIONUCLIDES
Strontium-90* 5.3E+04 2E-06
Technetium-99 4.6E+04 6E-08
Tritium 5.1E+06 3JE-O7
ORGANIC COMPOUNDS
Bis(2-ethylhexyl)Phthalate 2.8E-06 4E-08
Trichloroethene 2.3E07 3E-09
TOTAL ICR 2E-06
* indicates criterion exceeded
ICR: incremental cancer risk
Noncarcinogenic Parameters
Parameter Intake HQ
mg/kg-d

INORGANIC CONSTITUENTS
Chromium 0.000031 0.006
WET CHEMISTRY AND ANIONS
Nitrate as N 0.0078 0.005
ORGANIC COMPOUNDS
Bis(2-ethylhexyl)phthalate 0.000015 0.0007
Trichloroethene 0.0000012 0.0002
TOTAL HI 0.01

HQ: hazard quotient
HI: hazard index

' Supplemental risk asscssment was based on an occasional-use scenario and analytical data only from the

near-river wells from the last two sampling rounds.

2T-2
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Table 2-3 Columbia River Fish Concentrations, Intakes, and Risk Summary

Fish Source Area Strontium-90 Intake ICR
Congcentration pCi
pCi/g
Whitefish-carcass 100N 3.2E-02 9.5E+03 3E-07
Carp-carcass 100 N 1.1E-Q2 34E+03 1E-07
Bass-carcass 100 F 3.0E-02 8.BE+03 3E-O7

2T-3




DOE/RL-94-59
Draft A

3.0 REMEDIAL ACTION OBJECTIVES

The RAO are medium-specific or operable unit-specific objectives for protecting
human health and the environment. The RAQO are based on the land-use, COC, ARAR,
exposure pathways, and specify remediation goals so that an appropriate range of remedial
options can be developed for analysis. This section presents the steps taken in refining the
initial RAO (defined in 100 Area FS {DOE-RL 1994a]) based on a more thorough evaluation
of the 100 Area groundwater operable unit data from the LFI reports.

The RAO refinement process begins with the refinement of COPC for the
groundwater operable unit. This information is used to ensure that remedial alternatives
being considered in this FFS can adequately address the types of contaminants and to
facilitate the refinement of ARAR. The RAO also provide the basis for developing the GRA
that will satisfy the objectives of protecting human health and the environment. The RAO
are defined as specifically as possible without limiting the range of GRA that can be applied.

The RAO for protecting human receptors express both a contaminant level and an
exposure route. Remedial action objectives for protecting the environment are expressed in
terms of the medium of interest and target clean-up levels, because the intent of the remedial
action is to preserve or restore the medium of interest.

Remedial action objectives are based on CERCLA guidance (EPA 1988).
Assumptions used to develop RAO for the 100-HR-3 Operable Unit include:

. The main objectives are protection of the river and abatement of migration of
contaminated groundwater plumes outside the operable unit.

L The recreational exposure scenario is assumed.

. The IRM will continue to the year 2008, at which time the final action for the
operable unit will be implemented, or until cleanup goals are met. (This
assumption is for costing purposes and does not represent the final cleanup
period.)

A Based on the QRA for the occasional-use scenario, all identified COPC were
within acceptable human heaith risk ranges (i.e., [CR of 1 x 10* to 1 x 10® or
an HQ <1). Therefore, the potential risk from the operable unit is to the
environment,

The RAO for environmental protection are:
. control groundwater movement to prevent release of COC from groundwater

to surface water that would result in concentrations in the river in excess of
Ambient Water Quality Critena

3-1
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- prevent destruction of critical habitat; minimize destruction of noncritical
habitat; prevent adverse impacts to threatened or endangered species

. prevent erosion of soil during remediation that would contribute to surface
water concentrations greater than the Ambient Water Quality Criteria for the
COC in surface water.

Discussion supporting the RAO is given in the subsections below.

3.1 LAND-USE

Although the QRA uses frequent- and occasional-use scenarios (corresponding to
residential and recreational uses respectively), there are no residential or recreational
land-uses in the 100 Area at this time. The Hanford Future Site Uses Working Group
(HFSUWG 1992) recommended the 100 Area be considered for the following four potential
future land-uses:

Native American uses

limited recreation, recreation-related commercial uses and wildlife
B Reactor as a museum/visitor center

wildlife and recreation.

None of the group’s recommendations included potential future residential use by
definition; however, the scenarios include a range of restricted and unrestricted uses. The
DOE currently limits the access to the 100 Area; this access restriction is assumed to
continue during the IRM period. Therefore, for purposes of the FFS and given the relative
timeframe of the IRM, the recreational scenario will be used to determine remedial action
goals for the IRM. As defined in the past-practice strategy, the 100 Area will be
reevaluated, including a comprehensive baseline risk assessment, in the future for removal
from the NPL. Land-use will be reevaluated at that time.

3.2 CONTAMINANTS OF CONCERN

This section refers to two groups of contaminants, COPC and COC. The first group,
COPC, was initially identified in the LFI (DOE-RL 1993b) as contaminants with the
potential of having an adverse impact on human health or the environment. The second
group is the COC which are refined from the list of COPC. In the context of the FFS, COC
are those constituents that must be addressed by remedial actions. The CERCLA requires
that actions selected to remediate hazardous waste sites be protective of human health and the
environment. In order to support this requirement, COPC identified in the LFI and the
supplemental risk assessment are refined to COC for the FFS.

The COPC identified in the LFI were bis(2-ethylhexyl)phthalate, triium, carbon-14,

strontium-90, and technetium-99 based on the first three rounds of LFI data. Subsequent
analysis performed in the supplemental risk assessment considered all five rounds of data and

3-2
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determined that the last two rounds were most representative because high concentrations
associated with well completion had equilibrated to more realistic values (see Appendices A
and B). The supplemental risk assessment identified strontium-90 as COPC. Based on the
QRA and the supplemental risk assessment, no human health COC for the 100-BC-5
Operable Unit were identified. Strontium-90 concentrations resulted in a ICR of <1E-4; this
represents the largest risk associated with the operable unit. While strontium-90 is not a
COC, it was chosen as the contaminant to be considered in the FFS by the unit managers.

For environmental receptors, aluminum and chromium were identified as potential
COPC based on an exceedance of ARAR. The values used in the QRA represent maximum
concentrations in the near river wells. These concentrations result in a very conservative
estimation of risk because the risks associated with the actual river/groundwater interface
have not been determined. In addition, a Comprehensive River Study is underway to identify
risk associated with the Columbia River. Effects from the 100-BC-5 Operable Unit are being
evaluated in this study. Therefore, actions for the operable unit based on ecological risk will
be deferred pending the results of ongoing studies.

3.3 APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS

Section 121 of CERCLA requires that any remedial action selected for a Superfund
site be protective of human health and the environment. A component of an action’s
protectiveness is its ability to comply with ARAR. An ARAR is a promulgated Federal or
State environmental cleanup standard, standard of control, substantive environmental
protection requirement, criteria, or limitation. It must be either:

o "Applicable," (i.e., specifically addressing the substances, location, or action
being considered).

. "Relevant and appropriate,” (i.e., addressing a situation sufficiently similar to
that encountered at the CERCLA site that its use 1s well suited to the particular
site). A standard or criterion must be both relevant and approprate to be an
ARAR.

There are three categories of ARAR:

. chemical-specific ARAR - numerical values or methodologies used to
determine acceptable concentrations of a contaminant

. location-specific ARAR - requirements that dictate or restrict actions at or
surrounding the CERCLA site because of sensitive or unique conditions

. action-specific ARAR - technology or activity-based requirements or
limitations on actions taken with respect to hazardous waste.

In addition to ARAR, to-be-considered (TBC) guidance consists of nonpromulgated
criteria, advisories, guidelines, or proposed regulations. Since TBC guidance is not legally

3-3
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binding, it does not have the status of ARAR; however, TBC are identified and considered if
ARAR do not exist for the substances or situations of concern or the ARAR alone would not
be sufficiently protective.

The ARAR and TBC used in the analysis of alternatives for the groundwater operable
unit FFS are identified in Appendix A, Table 3-1 lists the chemical-specific ARAR and TBC
for the COPC for the operable unit. The current MCL for strontium-90 is 8 pCi/L; the
proposed MCL is 42 pCi/L. These levels are, however, based on a residential exposure
scenario.

The implementation and operation of the remedial alternatives may result in the
generation of low-level or mixed waste. The proposed disposal for these wastes would be to
the ERDF (if unavailable to meet the required schedule, then existing facilities such as
W-025, would be used until the ERDF is available). The ARAR and TBC for the ERDF are
not included in the ARAR tables for the FFS. These are addressed in the Remedial
Investigation and Feasibility Study Report for the Environmental Restoration Disposal Facility
(DOE-RL 1994d). Waste acceptance criteria have not yet been developed for ERDF.

3.4 PRELIMINARY REMEDIATION GOALS AND POINTS OF COMPLIANCE

Based on the recreational exposure scenario, the human-health based concentration for
strontium-90 at an ICR of 10 is 6,600 pCi/L (this is based on 2 L/d ingested for 7 d/yr for
30 yr as recommended in HSRAM). The point of compliance for this PRG would be the
near-river wells.

Because protection of the river is the goal of the FFS and because the greatest
perceived ecological threat is to the eggs and fry of the fish, the point of compliance for
ecological PRG should be at the groundwater/river interface. However, monitoring of this
interface is difficult. Therefore, the proposed point of compliance is the near-river wells as
defined in the QRA. The PRG for this compliance point would be 50 pg/I. measured in two
consecutive sampling rounds as established in the Tri-Party Agreement Change Control Form
M-15-93-02 (Ecology et al. 1994). Chromium concentrations below the chronic Ambient
Water Quality Criterion of 11 ug/L as measured in the substrate are considered alternate
PRG. These PRG represent screening criteria for the FFS. Final remediation goals will be
set in the ROD.

34
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Coanstituent Safe Drinking Water Act RCRA MTCA EPA Water Washington
Subpart F (groundwater/ | Quality Criteria | Water Quality
. . . (e) surface water) | (chrenic/acute) Standards
Primary MCLG (b) Secondary Proposed o @ {chronic/acute)
MCL (a) MCL (c) MCL (d)
M wrﬂ
Aluminum 50 to 200 146.7/1984
Chromium 100 100 - -- 50 80/810 11/16 11716
Strontium-90 ] 42
NOTE: All units for radionuclides in pCi/L; all other units in ug/L.
{a) 40 CFR 141.16 (radionuclides), 40 CFR 141.61 (organics), 40 CFR 141.62 (inorganics), as amcnded at 56 FR 31838 July 17, 1992
(b) 40 CFR 141.50 and 51 as amended at 56 FR 31838 July 17, 1992
(c) 40 CFR 143.3 as amended at 56 FR 3597 January 30, 1991 - TBC under federal regulations, possible ARAR under MTCA
{d} 56 FR 33120 July 18, 1991 - Proposed rules - TBC
(c) 40 CFR 264.94
N WAC 173-340-720, Model Toxics Control Act, Groundwater Cleanup Standards, Method B and WAC 173-340-730 Surface Water Cleanup Standards,
Method B
(2 EPA’s "Qualily Criteria for Water 1986" and EPA’s “Update #2 to Quality Criteria for Water 1986" - TBCs for surface waters only
{h) WAC 173-201A-040, Toxic Substances - applies to surface waters only
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- 4.0 ALTERNATIVES DEVELOPMENT

The alternatives developed in the 100 Area Feasibility Study Phases 1 and 2 (DOE-RL
1994a) provide a range of remedial actions applicable to the general site characteristics and
contaminants within the 100 Area. These alternatives are intended to be generally applicable
anywhere in the 100 Area. In the FFS, the alternatives are further defined and modified
based on additional information from operable unit LFI, 100 Area aggregate studies, and
treatability testing. This section describes the groundwater alternatives presented in
Appendix D relative to circumstances at the 100-BC-5 Operable Unit. Sections 4.1 through
4.6 describe the application of groundwater alternatives to the 100-BC-5 Operable Unit.
Section 4.7 describes uncertainty issues associated with the application of each groundwater
alternative.

The DOE’s Environmental Management (EM) Office of Technology Development
(OTD) (EM-50) is managing an aggressive national program for applied research,
development, demonstration, testing, and evaluation. The objective of this program is to
" develop technologies to cleanup the DOE nuclear production and manufacturing sites and to

manage DOE generated wastes more cost-effectively than current environmental cleanup
technologies. The program is addressing several major problem areas including groundwater
and soil cleanup and waste retrieval and processing. There is a suite of mutually
complimentary technologies for environmental restoration in differing stages of development
—and-demonstration that will be ready for implementation in the near future.

4.1 ALTERNATIVE GW-1: NO ACTION

Alternative GW-1, the no action alternative, is required by the National Contingency
Plan (NCP) to serve as a baseline for evaluation of other alternatives. The no action
alternative may be selected for sites where contaminatton does not exceed the level of
unacceptable risk, where site contamination is in compliance with ARAR, where short-term
risks associated with the remedial action exceed the risk of no action, or where the cost of
remediation is excessive compared to the benefit gained in risk reduction.

The no action alternative for the groundwater operable units consists of continued
groundwater monitoring which is currently ongoing at the site. The contamination is allowed
to dissipate through natural attenuation processes. For radionuclides, this is mainly natural
radioactive decay. The effectiveness of the natural attenuation process is related to the
half-life of the radionuclide and the affinity of the radionuclide to adsorb to the Hanford Site
soils. For other contaminants, such as chromium, the major attenuation factor is
advection/dispersion, which depends on natural groundwater flow and the river flushing
action to reduce concentrations.

Application of the no action alternative is independent of any site-specific
considerations, as this alternative requires no restrictions, controls, or active remedial
measures. Therefore, the baseline description for this alternative as presented in Appendix D
is directly applicable to the 100-BC-5 Operable Unit without modification.
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4.2 ALTERNATIVE GW-2: INSTITUTIONAL CONTROLS/CONTINUED CURRENT
ACTIONS

Alternative GW-2 has been developed as an institutional controls GRA. Alternative
GW-2 was initially developed in the 100 Area FS Phases | and 2 (DOE-RL 1994a) to
prevent access to contaminated groundwater plumes beneath the 100 Area. The following
process options are specified for the alternative:

. access restrictions:
- deed restrictions
- water rights restrictions

. monitoring:
- groundwater monitoring

. continued current actions:
- pilot-scale treatability test in 100-HR-3 Operable Unit
- groundwater/river interaction studies
- chromium speciation studies
- Columbia River Comprehensive Impact Evaluation study
- source remediation activities.

4.2.1 Access Restrictions

The access restrictions included in this alternative are unique to groundwater media.
Government control of the Hanford Site, and therefore the operable unit, is anticipated
through the IRM period. Sitewide access restriction measures aiready existing at the
Hanford Site, such as security fences and guarded entrances, will ensure 100-HR-3
groundwater is not accessible to the general public. Deed restrictions and water rights are
not required during the period of government control. The institutional controls alternative
therefore does not require implementation, but only continued maintenance and enforcement.

4.2.2 Monitoring

In addition to restricting groundwater use and access to groundwater, the institutional
action alternative also includes groundwater and environmental monitoring. Monitoring will
be required to determine if and when institutional controls to restrict access to groundwater
are no longer necessary. ‘

4.2.3 Continued Current Actions
The continued current actions listed are efforts currently underway to complete the

conceptual model of the groundwater operable units and to generate more certain technology
performance data. These efforts support the selection of the most appropriate remedial
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action for the 100 Area groundwater operable units. The treatability test will provide data on
technology performance and optimization, on waste generation, and possibly on aquifer
response. The river/groundwater interaction studies will help describe the mixing zone to
better predict the hydrologic actions affecting concentrations. The speciation studies will
better quantify the amount of chromium (VI) to provide a more realistic conceptual model of
contaminant movement in the aquifer and interaction with the sediments. The river impact
assessment will provide risk assessment data specific to and the receptors in the river. All
the information will be assessed to determine the best solution for the remediation of the
operable unit. Remediation of the sources will eliminate continuing source terms to
groundwater contamination. This remediation may result in significantly lower groundwater
concentrations. When the results of the current actions are available, the conceptual model
may be complete enough to identify a final action for the operable unit.

4.3 ALTERNATIVE GW-3: CONTAINMENT

The containment alternative consists of remedial actions designed to ensure
containment of contaminated groundwater plumes. The general description of this alternative
(Section 1.3 of Appendix D) presents several subsurface barrier (cutoff wall) technologies
that are potentially applicable in the 100 Area. The most appropriate cutoff wall technology
for application at the 100-BC-5 Operable Unit is determined on the basis of site-specific
implementation requirements. These requirements include consideration of the site geologic
formation and wall depth requirements. For the purposes of the FFS, groundwater modeling
results are used to establish the optimum configuration of the cutoff wall and hydraulic
control wells for the evaluation of alternatives (additional optimization would be required for
remedial system design).

4.3.1 Cutoff Wall Selection

Selection of the cutoff wall technology considered most appropriate for the 100-BC-5
Operable Unit is based primarily on the following requirements:

. the technology must be implementable to a depth sufficient to key-in the
uppermost confining layer beneath the unconfined aquifer

. the technology must be implementable in the Hanford formation where granite
and basalt boulders exist in a silty sand matrix

. application of the technology must minimize exposure to contaminated soil and
groundwater during implementation

. the technology must be implementable within the spatial constraints imposed

by proximity of the Columbia River and the past-practice disposal facilities
(e.g., retention basins, cribs, and trenches).
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- Sheet pile technology is not considered implementable in the Hanford formation where
boulders can deflect or damage the metal sheets during installation. In addition, the 45 m
(150 ft) wall depth required at the 100-BC-5 Operable Unit is beyond the capability of
conventional sheet pile technology. Based on these implementation concerns, sheet pile
technology is not recommended for application at the 100-BC-5 Operable Unit.

Conventional slurry wall technology is considered difficult to implement at the 45 m
(150 ft) depth required for the 100-BC-5 Operable Unit. However, modified slurry wall
construction techniques, such as the Bauer-Slurry-Trench-Cutter developed by Bauer of
America, can be used to construct diaphragm cutoff walls to depths well below the
capabilities of conventional excavation techniques. The primary drawback to slurry wall
construction at the 100-BC-5 Operable Unit is the unavoidable contact with contaminated
groundwater and soil within the unconfined aquifer. Downgradient placement of a slurry
wall to intercept migration of the strontium-90 plume into the river would require excavation
into the contaminated portion of the aquifer. This would result in significant contamination
control requirements as well as handling and disposal of excavated spoils and excess shurry.
Slurry wall technology is therefore not considered for use at the 100-BC-5 Operable Unit due
to unavoidable contact with contamination resulting in waste generation (contaminated sturry
and excavated spoils).

Deep soil mixing technology is considered implementable to the 45 m (150 ft) depth
required at the 100-BC-5 Operable Unit. Deep soil mixing techniques greatly reduce or
eliminate exposure to contaminated materials during installation. However, the presence of
boulders within the Hanford formation present construction difficulties. Deep soil mixing is
therefore judged to be difficult to implement at the 100-BC-5 Operable Unit.

Each individual cutoff wall technology has implementability limitations for one or
more reasons. A combination of cutoff wall technologies is therefore proposed to eliminate
the limitations associated with the individual technologies. Deep soil mixing is considered
the most appropriate cutoff wall technology due to minimal contact and exposure to
contamination. However, utilization of this technology would require the boulders in the

“Hanford formation to be removed.

A pre-excavation to remove boulders within the 15 m (50 ft) thick vadose zone
(DOE-RL 1993b) could facilitate the use of deep soil mixing. Conventional excavation in the
vadose zone may not be applicable since a 15 m (50 ft) deep trench with 1.5 to 1 side slopes
would result in an approximate 45 m (150 ft) width at the surface. Based on the proximity
of the river and past-practice disposal units (retention basins, cribs, trenches), such an
excavation would not be appropriate. The pre-excavation could be performed similar to the
construction of a slurry wall in which a vertical wall trench is excavated. The resulting
trench could then be backfilled with the soil originally removed (without boulders).

The cutoff wall design proposed for the 100-BC-5 Operable Unit, is deep soil mixing
after pre-excavation to remove boulders in the Hanford formation. The pre-excavation is to
be performed by slurry trench excavation to minimize the extent of lateral disturbance on the

‘surface. —Deep soil mixing-can then-be performed- within-the trench constructed during the

pre-excavation. The pre-excavation trench can be simply backfilled with soil. This cutoff
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wall concept fulfills the design considerations established for implementation at the 100-BC-5
Operable Unit, such as depth to a confining layer, minimized exposure to contamination, and
construction limitations due to boulders and spatial constraints.

4.3.2 Containment System Configuration

Within the 100-BC-5 Operable Unit, groundwater in the unconfined aquifer flows
towards the Columbia River (DOE-RL 1993b). Therefore, down gradient placement of the
cutoff wall as close as reasonably possible to the river is proposed. Based on the near river
topography in the 100 B/C Area, the location proposed for placement of the cutoff wall is
approximately 30 m (100 ft) from the river. The distance between the river and the cutoff
wall enables sufficient space for construction without interference from the steep bank that
drops approximately 9 m (30 ft) to the river (DOE-RL 1993b).

Contarnination is assumed to be limited to the unconfined aquifer, based on
characterization activities performed during the LFI which indicate that no contamination is
present in the uppermost confined aquifer (DOE-RL 1993b). The unconfined aquifer is
bounded on the bottom by paleosols and overbank deposits approximately 34 m (110 ft) thick
(DOE-RL 1993b). This underlying layer acts as an aquitard which separates the unconfined
aquifer from the underlying confined to semi-confined aquifers and prevents vertical
contaminant migration. The cutoff wall can be keyed into this layer to prevent groundwater
from moving under the wall.

— — ————__ .. The vadose zone is comprised of Hanford formation soils (boulder gravel)
approximately 15 m (50 ft) thick near the Columbia River (DOE-RL 1993b). The
unconfined aquifer consists of Ringold Formation soils (coarse-grained fluvial sediments)
which are approximately 30 m (100 ft) thick (DOE-RL 1993b). The required depth of the
wall will therefore be approximately 45 m (150 ft), including an additional 1 m (3 ft) for
key-in to the aquitard.

The 100 B/C Area cutoff wall would be constructed along the Columbia River and
will span the length of the strontium-90 plume identified in the LFI (DOE-RL 1993b). This
wall will also contain the other constituent plumes identified at the 100 B/C Area that
coexists within the strontium-90 plume (tritium and technetium-99). Groundwater modeling
results (see Section 5.0) indicate the length of the wall required for the 100-BC-5 Operable
Unit should be approximately 450 m (1,500 ft).

The description of this alternative presented in Section 3.3 of the methodology
document specifies upgradient extraction weils to control the hydraulic head behind the
barrier, and injection wells placed downgradient to maintain the hydrologic conditions in the
aquifer near the barrier. The hydraulic gradient in the 100-BC-5 Operable Unit may be
sufficiently small to eliminate the need for the extraction/injection well system proposed. At
high river stage the groundwater gradient is estimated to be approximately 8x10* across the
entire site (DOE-RL 1993b). At low river stage the gradient is still flat across the reactor
areas but becomes steep (3x10?) adjacent to the river (DOE-RL 1993b). Resuits of
groundwater modeling indicate one pumping well located at each end of the cutoff wall,
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enhances plume containment by preventing contaminated groundwater from escaping around
the ends of the wall. Since the extracted groundwater will likely contain strontium-90 (and
possibly other constituents), injection in the upgradient portion of the contaminant plume is
required to prevent contamination spread.

Figure 4-1 presents a cross-section through the near-river wells. Figure 4-2 illustrates
the containment system configuration at the 100-BC-5 Operable Unit.

4.3.3 Containment System Implementation

Implementation of the containment system for the 100-BC-5 Operable Unit requires
construction of a 450 m (1,500 ft) long by 45 m (150 ft) deep cutoff wall. This wall would
be constructed along the Columbia River approximately 30 m (100 ft) from the river bank
(see Figure 4-2). Construction of this barrier would be performed in two phases. The first
phase consists of a pre-excavation along the length of the cutoff wall to remove boulders
located within the Hanford formation. The second phase involves deep soil mixing to
construct the cutoff or diaphragm wall by overlapping columns of soil/bentonite and or
soil/cement mixtures. Figure 4-3 depicts the two phased approach to implementation of the
cutoff wall.

In the first phase, slurry trench excavation is used to remove boulders in the Hanford
formation along the 450 m (1,500 ft) length of the cutoff wail. The slurry excavation
technique enables construction of a trench with near vertical side slopes. The physical
constraints imposed by the proximity of the river and past-practice disposal facilities
(retention basins, cribs, and trenches) prevent the use of conventional excavation techniques
which typically involve 1.5 to 1 side slopes. During excavation the slurry forms a filter skin
or cake on the trench walls. This filter cake allows the slurry to form hydraulic pressure
against the trench walls which prevent collapse.

The density of Hanford formation soil is approximately 1.98 g/cm® (DOE-RL 1993b)
and forms the basis for the slurry density required during the excavation. Since the
pre-excavation is maintained in the vadose zone, consideration of hydraulic pressure from
groundwater is not required. High density slurries can be obtained using mixtures of barium
sulfate (barite specific gravity, G = 4.3 to 4.5) and bentonite clay (specific gravity,

G = 2.13 to 2.18) (Bowles 1988). Other materials including silt and fine sand from the
excavation may be used to reduce the quantity of commercial admixtures. Losses into the
formation are not expected due to the approximate 10? c¢m/s vertical hydraulic conductivity
reported in the 100-BC-5 QOperable Unit LFI (DOE-RL 1993b). Use of a high density slurry
should more easily form a uniform filter skin that evenly distributes hydraulic pressure
against the trench walls.

The second phase of construction involves the use of deep soil mixing within the
trench formed during boulder removal from the Hanford formation. The trench formed
during pre-excavation is backfilled with the soil originally removed (without boulders).
Consequently, deep soil mixing is performed from the surface through the backfill materal
and the unconfined aquifer. The total depth from ground surface required to key-in the
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cutoff wall to the paleosols and overbank deposits that underlay the unconfined aquifer is
approximately 45 m (150 ft) (see Figure 4-3).

Deep soil mixing utilizes either cement, bentonite, or a combination of cement and
bentonite to mix with in-place soil. The technique involves formation of overlapping,
cylindrical columns to create a cutoff wall with a specified strength and permeability. Since
in-place soil is used in the formation of the containment structure, disposal of contaminated
material is not required. The effect of this technique on the hydraulic conditions of the
aquifer is negligible and previous water table conditions are re-established in a relatively
short time period. Four foot diameter columns are specified for the formation of the cutoff
wall to a depth of 100 feet below the trench formed during pre-excavation.

The hydraulic conductivity of the unconfined aquifer near the Columbia River ranges
from 5 x 10% to 2 x 102 cm/s (DOE-RL 1993b). Based on the materials used in the
formation of a deep soil mixing cutoff wall, the hydraulic conductivities achievable are
considered similar to a conventionat slurry wall (approximately 1 x 107 to 1 x 10 cm/sec
for soil-bentonite and soil-cement, respectively [Spooner et al. 1983]).

4.3.4 Containment System Modeling Results

Groundwater modeling results indicate the containment system described above can
significantly reduce the mass of strontium-90 entering the Columbia River. In comparison to
the baseline, or no action, an 87% reduction in the mass of strontium-90 entering the river is
achieved during the 15 and 25 year simulation periods. Although some leakage past the
containment system can be expected, the flow rate of contaminated groundwater into the
river is shown to be significantly reduced. Leakage of contaminants to the river would be
unavoidable due to the contaminated matrix left between the river and the cutoff wall.
Because contaminants are adsorbed to the soil matrix, the concentrations of the strontium-90
does not significantly reduce over time except for reduction through natural decay.

However, the wall affects the overall groundwater gradient by decreasing the flow of the
more highly contaminated groundwater and increasing the flow of the less contaminated
groundwater associated with the outer edges of the plume. This results in a net flow of
groundwater in the system equal to the no action alternative; however, the flow of
contaminants is greatly reduced by the wall.

Modeling results for the containment alternative show contaminant concentrations in
100-BC-5 groundwater will diminish over time according to the decay of strontium-90. This
result is anticipated since the contaminant plume is isolated from potential mixing or dilution
with the Columbia River. The duration of isolation required would be dependent on the
concentration considered acceptable for reiease into the river. Assuming a 30 year half-life
for strontium-90 and a release criteria identical to the SDWA MCL, the duration of
containment required will be similar to the discussion presented previously for the
institutional controls alternative (see Section 4.1.2.1). The maximum concentration of
strontium-90 reported in the 100-BC-5 Operable Unit LFI (DOE-RL 1993b) (130 pCi/L),
would decay to the 8 pCi/L SDWA MCL after approximately 120 years or to the proposed

42 pCi/L SDWA MCL after approximately 49 years.
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4.3 ALTERNATIVE GW-4: IN SITU TREATMENT

The general description of Alternative GW-4 (see Section 1.4 of Appendix D)
includes remedial technologies for in situ treatment of nitrate and volatile organic compounds
in the groundwater beneath the 100 Area. This alternative is not considered applicable to the
100-BC-5 Operable Unit, because the in situ treatment of strontium-90 is not feasible. On
this basis, no further discussion of the in situ treatment alternative is necessary.

4.5 ALTERNATIVE GW-5: REMOVAL/TREATMENT/DISPOSAL

The general description of Alternative GW-5 presented in Section 1.5 of Appendix D
specifies remedial technologies for removal, treatment, and disposal of contaminated
groundwater beneath the 100 Area. The system is specified for containment of the
contaminant plume and not for mass reduction. Modifications to the baseline description are
required based on the COC identified for the operable unit. Because the removal, disposal,
and monitoring aspects of this alternative are independent of the site-specific conditions at
each 100 Area groundwater operable unit, modifications to the baseline alternative are
specific to the proposed treatment system,

4.5.1 Treatment System Modifications

The baseline treatment system specified for Alternative GW-5 is modified to address
the COC identified in 100-BC-5 groundwater. Strontium-90 is a contaminant of interest in
100-BC-5 groundwater; therefore, several treatment processes specified in the baseline
alternative are either no longer necessary or require modification. The baseline chemical
oxidation, biodenitrification, and chemical reduction systems are not required for treatment
of 100-BC-5 groundwater because organics and nitrates are not COC and because treatability
testing have shown ion exchange to be sufficient for treating hexavalent chromium.
Chemical precipitation and ion exchange, either alone or in combination represent potential
treatment options for removing strontium-90 from 100-BC-5 groundwater. Additional
information on the precipitation process is included. However, sufficient information is not
available to select the best system. For purposes of the FFS, the ion exchange system will
be assumed for costing purposes. Additional treatability testing would provide additional
information for determining the optimum system.

Modifications to the baseline chemical precipitation process involve refinement for
removal of strontium-90. The EQ3/6 computer code was used to simulate chemical
precipitation of strontium-90 based on the groundwater chemistry data reported in the
100-BC-5 Operable Unit LFI (DOE-RL 1993b). The EQ3/6 computer code is an
industry-standard chemical equilibrium model developed at the Lawrence Livermore National
Laboratory. The model performs solubility, speciation, and reaction-path calculations.
Computer simulations involving lime (CaQ) treatment were conducted to assess the
effectiveness of precipitation of strontium-90 in 100-BC-5 groundwater. In theory, the
addition of lime (CaO) to the groundwater will raise the pH and the calcium concentration,
which will cause precipitation of calcium carbonate. Dissolved strontium-90 will also
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partition into the carbonate precipitate either as a discrete strontianite (SrCO,) phase or as a
small fraction of strontianite in a calcite ((CaSr)CO;) phase.

Treatment of 100-BC-5 groundwater by the addition of lime was simulated with the
EQ3/6 model. The model predicted the concentration. of strontium-90 in 100-BC-5
groundwater could be reduced by over 99%. This result was shown to be independent of the
two initial strontium-90 concentrations used, based on an estimated average concentration of
17 pCi/L and a peak concentration of 130 pCi/L. The solubility of strontium in
bicarbonate-bearing groundwater is a function of pH. The minimum solubility of
strontium-90 which corresponds to the maximum formation of precipitates occurs at a pH
between 10.3 and 10.4. Figures 4-4 and 4-5 illustrate the relationship between pH, total
dissolved strontium, and dissolved strontium-90 after lime treatment. Figure 4-6 shows the
predicted relationship between the lime addition and strontium-90 removal.

Effluent from the precipitation process may require pH adjustment due to the high pH
needed to precipitate strontium-90 in the groundwater. The addition of an acidification
agent, such as sulfuric acid, is considered a simple approach to reducing the pH of the
precipitation process effluent, The required adjustment will be dependent on the disposition
of the effluent. Subsequent treatment, such as ion exchange for final polishing, may be
required and may need a specific influent pH to maximize strontium-90 removal, whereas
direct disposal may require a pH value equivalent to the aquifer (i.e., between 7.5 and 8.3
[DOE-RL 1993b]).

The ion exchange system is also modified for removal of strontium-90. Since
strontium-90 exists as a divalent cation in groundwater, anion exchange is not required.
Three cation exchange columns arranged in a parailel configuration are proposed. During
normal operations two columns are active while the third is kept off-line for maintenance
back-up. Naturally occurring zeolites, such as chabazite and clinoptilolite, have been
effectively demonstrated for removing strontium-90 from groundwater (Robinson et al.
1993).

Regeneration is no longer included in the ion exchange treatment system design,
based on the technical complexity of regeneration and the additional volume of secondary
waste generated by regeneration. Once strontium-90 breakthrough is detected, spent
exchange material is hydraulically removed from the exchange columns into a dewatering
vessel followed by load-out into disposal containers. Fresh exchange media is then
pneumatically transferred into the ion exchange vessel. Figure 4-7 illustrates the treatment
system concept proposed for Alternative GW-5.

Secondary waste streams generated as a result of groundwater treatment may or may
not require treatment prior to disposal depending on the requirements of ERDF. The
baseline cement-based solidification system is retained for liquid- and sludge-type secondary
waste streams generated to eliminate free liquids and immobilize strontium-90 contamination.
The secondary wastes likely to require cement solidification inciude settling tank sludge and
residues from the rotary drum filter. Spent ion exchange media may not require
solidification prior to disposal due to the dewatering process prior to packaging for disposal.
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4,5.2 Site-Specific Implementation

Application of Alternative GW-5 to the 100-BC-5 Operable Unit was simulated by
groundwater modeling to optimize the location and pumping requirements of the extraction
well system for the purposes of the FFS (additional optimization would be required for
remedial design). Optimization is based on reduction of contaminated groundwater migration
into the Columbia River. Other considerations include uptake of river water and aquifer
restoration, Modeling results indicate the optimum location of the extraction well system
consists of a line of four extraction wells placed 30 m (100 ft) from the river bank and
spaced approximately 100 m (330 ft) apart. The combined extraction rate of the system is
approximatety 400 gpm (100 gpm per well). Figure 4-8 illustrates the proposed groundwater
extraction system configuration.

4.5.3 Operational Considerations

In addition to the strontium-90 identified in 100-BC-5 groundwater (strontium-90),
low concentrations of other contaminants such as tritium and technetium-99 are also present
within the plume (DOE-RL 1993b). Although these contaminants may enter the treatment
system, significant dilution is anticipated within the 400 gpm design flow rate. Contingency
for high concentrations of tritium is designed into the disposal options. Treated groundwater
found to contain excessive concentrations of tritium will be reinjected into the aquifer
upgradient of the extraction wells. Otherwise, treated groundwater would be discharged
directly into the river.

Based on the capacity of the extraction system, a 400 gpm flow rate will require
processing in the treatment system. Treatability studies will be required to define full-scale
operating requirements due to the difficulties associated with processing such a high
volumegric flow rate. Operational difficulties may include mixing inefficiencies during the
precipitation process that can significantly impact the quantity of lime required. Similarly,
insufficient residence times in either the clarifier tank or the ion exchange columns can
adversely impact the efficiency of these processes.

The chemistry of 100-BC-5 groundwater as well as the chemical speciation of the
contaminants in the groundwater will influence the design and operation of the chemical
precipitation processes. The EQ3/6 computer code was used to establish the feasibility of
lime treatment to remove strontium-90 from 100-BC-5 groundwater. However, treatability
tests will be required to establish optimum operating conditions. The addition of flocculants
or coagulants may be required to induce settling of the precipitates in the clarifier tank.

Efficiency of the ion exchange process will depend on: resin selectivity for the
strontium cation; competing noncontaminant ions; pH of the groundwater; concentration of
suspended solids; and speciation of strontium. The precipitation-filtration process should
significantly reduce the concentrations of any noncontaminant ions (e.g., calcium and
magnesium) present in groundwater that would otherwise compete for adsorption sites on the
exchange resins. The rotary drum filtration process should also minimize the concentration
of suspended solids. Resin specification will be determined by treatability studies.
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However, naturally occurring zeolite, such as chabazite and clinoptilolite, have been
effectively demonstrated for removing strontium-90 from the groundwater (Robinson et al.
1993).

4.5.4 Modeling Results

Groundwater modeling results indicate the removal, treatment, and disposal
alternatives can effectively control the migration of strontium-90 contaminated groundwater
into the Columbia River. In comparison to the baseline (no action), an approximate 92%
reduction in the mass of strontium-90 entering the river is achieved during the 15 and 25
year simulation periods. This result indicates the hydraulic effects of the extraction well
system significantly reduce the flow rate of groundwater into the Columbia River.

During the 15 and 25 year simulation periods, the groundwater modeling results do
not show any additional reduction in the concentration of strontium-90 compared to the no
action alternative. The equivalent decrease in strontium-90 concentration shown for the no
action alternative and the removal, treatment, and disposal alternatives is equivalent to
radioactive decay. The reason pump-and-treat does not have any additional affect on the
concentration of strontium-90 is believed to be a result of the high adsorption coefficient of
strontium-90 in the aquifer formation. The adsorption coefficient, k, for strontium-90 in the
Ringold Formation soil ranges from approximately 20 to 200 ml/g (Ames and Serne 1991).
Based on the range of adsorption coefficients, the majority of the strontium-90 mass is
predicted to be adsorbed onto the formation soil.

The negligible difference between strontium-90 concentrations in the groundwater
shown for no action and pump-and-treat can be attributed to the slow process of desorption
of strontium-90 from the aquifer formation. As contaminated groundwater is removed by the
extraction system, strontium-90 desorbs from the soils. The actual desorption rate of
strontium-90 in the unconfined aquifer is unknown; however, this rate will be less than that
of adsorption. The continual desorption will essentially maintain the concentration of
strontium-90 in the groundwater at the same steady-state value for a long period of time.
The significance of this result is that the extraction system acts. an effective hydraulic control
measure 1o prevent the flow of contaminated groundwater into the Columbia River, but the
alternative may not significantly affect the concentration of strontium-90 in the groundwater.
The pump and treat system does result in significant reductions in the flow of contaminated
-~ —-——. -groundwater even though the concentrations remain high. The effect is the same
concentration at a greatly reduced volume reaching the river and is quantified by the
reduction in the mass of strontium-90 going to the river.

Groundwater modeling results are independent of the treatment system because the
model does not account for above ground activities. The disposal aspects of this alternative
are also not included in the groundwater modeling results. Effluent from the treatment
systems is to be discharged directly into the Columbia River (if tritium concentrations are
below the SDWA MCL) or injected into the unconfined aquifer (if tritium concentrations are
above the SDWA MCL).
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4.6 ALTERNATIVE GW-6: REMOVAL, TREATMENT, DISPOSAL

Alternative GW-6 is similar to Alternative GW-5 in that both alternatives specify
remedial technologies for removal, treatment, and disposal of contaminated groundwater
beneath the 100 Area. The system is specified for containment of the contaminant plume and
not mass reduction. The primary difference between these alternatives is the treatment
technologies specified. Therefore, the general description of Alternative GW-6 also requires
modification for application to the COC identified in the 100-BC-5 Operable Unit. Since the
removal, disposal, and monitoring aspects of this alternative are independent of the site
specific conditions at each 100 Area groundwater operable unit, modifications to the baseline
alternative are specific to the proposed treatment system.

4.6.1 General Description Deviations

The general treatment system described for Alternative GW-6 (see Section 1.6 of
Appendix D) is modified on the basis of the COC identified in 100-BC-5 groundwater. As
described for Alternative GW-5, no organic COC are identified in 100-BC-5 groundwater.
Therefore, the air stripping/carbon adsorption process for removal of organic contaminants
can be eliminated from the baseline treatment system. No other modifications to the baseline
treatment system for Alternative GW-6 are required.,

The modification described above reduces the baseline treatment system to reverse
osmosis followed by evaporation of the reverse osmosis concentrate. Groundwater fed into
the treatment system is pretreated by pH adjustment and a crystallization inhibitor to
maximize the efficiency of the reverse osmosis process. Cement solidification is retained for
treatment of concentrate from the evaporator and other secondary wastes (settling tank
sludge). Liquid effluent from the process is disposed as described in the baseline description
of this alternative. Figure 4-9 presents a conceptual flow diagram of the modified treatment
system proposed for application of Alternative GW-6 to the 100-BC-5 Operable Unit.

4.6.2 Site-Specific Implementation

The site-specific implementation discussion described previously for Alternative
GW-5, is the same for Alternative GW-6. The extraction well system configuration consists
of four welis with a combined pumping rate of approximately 400 gpm. The four extraction
wells would be located approximately 30 m (100 ft) from the river bank and spaced
approximately 100 m (330 ft) apart. Figure 4-8 presents the extraction system configuration
for the 100-BC-5 Operable Unit.

4.6.3 Operational Considerations
Similar to the discussion present for Alternative GW-5, low concentrations of other

contaminants such as tritium and technetium-99 are also present within the strontium-90
plume (DOE-RL 1993b). These other contaminants may enter the treatment system;
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however, significant dilution is anticipated within the 400 gpm design flow rate. Treated
groundwater found to contain excessive concentrations of tritium will be injected into the
aquifer upgradient of the pumping wells; otherwise, treated groundwater would be discharged
directly into the river.

Reverse osmosis has been demonstrated for removal of strontium-90 from
groundwater and other liquid waste streams (Garrett 1990, Ebra et al. 1987). Rejection
efficiencies over 99% were obtained in tests conducted at the Hanford Site (Garrett 1990).
Similar test results also indicate reverse osmosis to be effective for strontium-90 removal
(Ebra et al. 1987). However, the efficiency of reverse osmosis obtained in these tests was
based on initial strontium-90 concentrations significantly higher than the 130 pCi/L. peak
concentration found in 100-BC-5 groundwater. Treatability studies would therefore be
required to demonstrate the effectiveness of reverse osmosis for removal of strontium-90 at

- the-low concentrations- found in 100-BC-5 groundwater. Treatability studies would also be
required to establish full-scale operating conditions based on the required 400 gpm flow rate.

Evaporation technologies have been used extensively for treatment of radioactive
liquid wastes. As discussed in the baseline description of this alternative, the purpose of the
evaporation process is to reduce the volume of reverse osmosis concentrate. Contaminated
water from the Three Mile Island accident wastewater was treated with a vapor
recompression evaporator. The evaporation process also included an auxiliary evaporator,
flash vaporizer, and a concentrate dryer. The process effectively concentrated strontium-90,
as well as other radionuclides, and resulted in a 56:1 volume reduction (Williams and Strand
1990).

4.6.4 Modeling Results

The groundwater modeling results described previously for Alternative GW-5 (see
Section 4.1.5.4) are also applicable to Alternative GW-6.

4.7 UNCERTAINTY ISSUES

Application of the groundwater alternatives at the 100-BC-5 Operable Unit invoive
some degree of uncertainty as to implementability and effectiveness. Although other
considerations such as community and regulatory acceptance of an alternative will also be
uncertain, only technical uncertainty is addressed here. The following sections describe the
uncertainty associated with each groundwater aitemnative relative to the 100-BC-5 Operable
Unit.

4.7.1 Alternative GW-1
There is no uncertainty associated with implementation of this alternative since no

action is required. However, there is uncertainty associated with the effectiveness of the no
action alternative based on the concentration of strontium-90 available for human and
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environmental receptors should no action be implemented. Although the 100-BC-5 Operable
Unit LFI (DOE-RL 1993b) indicates low risk to human health and the environment, the
assessment is based on near river well concentrations. Mixing at the interface between the
river and the groundwater would significantly reduce the concentration of strontium-90
available to human and environmental receptors. The uncertainty could be lessened by
modeling the interface between the river and the groundwater to determine the extent of
mixing.

4.7.2 Alternative GW-2

Implementation of the institutional controls alternative is relatively straight forward
requiring only administrative effort and legal enforcement. The uncertainty associated with
this alternative involves effectiveness. Institutional controls will have no affect on the
migration of contaminated groundwater into the river. Based on recreational use of the 100
Area, this alternative is essentially equivalent to the no action alternative in the period of
governmental control.

4.7.3 Alternative GW-3

The uncertainty associated with the containment alternative is the implementability of
the cutoff wall. Removal of boulders from the Hanford formation using slurry-type
excavation techniques may be difficult. However, conventional excavation would not be
applicable due to spatial constraints imposed by the river and past-practice disposal sites
(retention basins, trenches, cribs). The potential for contamination within the vadose zone
along the proposed location of the cutoff wall could also impact the ability to remove
boulders from displaced Hanford formation soil. Assuming the pre-excavation, boulder
removal is successful, deep soil mixing to the 45 m (150 ft) depth required may still be
difficult. Excavation and deep soil mixing pilot tests would reduce the uncertainty associated
with installation of the cutoff wall.

An additional source of uncertainty associated with the effectiveness of the
containment alternative is the permanence of the cutoff wall. Once sufficient time has
elapsed to decay strontium-90 to nonhazardous concentrations, the cutoff wall will no longer
be required but will likely still exist. Removal of the wall, if required, could be achieved
through drilling or excavation.

4.7.4 Alternative GW-4

The in situ treatment alternative is not applicable to the conditions in the 100-BC-5
Operable Unit. Therefore no discussion of uncertainties is presented.
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4.7.5 Alternative GW-5

The primary uncertainty associated with this alternative is the effectiveness of pump
and treat to remediate the contaminated portion of the unconfined aquifer. Conventional
pump and treat methods have been shown to reduce contaminant mass and prevent further
migration, however, the ability to reduce contaminant levels to drinking water standards has
been limited (PE 1993). This concern is directly applicable to 100-BC-5 groundwater where
the high adsorption coefficient associated with strontium-90 indicates an equivalent, if not
lower, desorption rate. Treatment of many equivalent plume volumes of contaminated
groundwater may be required to remediate the contaminated portion of the unconfined
aquifer. As indicated in the groundwater modeling results, pump-and-treat does not reduce
the concentration of strontium-90 in the groundwater beyond the rate of decay indicated by
the no action alternative. The significance of the high adsorption and low desorption rates
for strontium-9Q is that decay may reduce the concentration of strontium-90 more efficiently
than pump-and-treat can remediate the aquifer unless pumping rates were very high.

An additional source of uncertainty involves the effectiveness of full-scale
precipitation followed by ion exchange to reduce the concentration of strontium-90 in
extracted groundwater to the 8 pCi/L MCL established in the SDWA. These treatment
technologies are well developed and demonstrated for this application but not to the SDWA
MCL. Treatability studies will be required to verify the predicted effectiveness of the
treatment system.

4.7.6 Alternative GW-6
The uncertainty associated with this alternative is identical to those identified for

Alternative GW-5. Alternative GW-5 and GW-6 are essentially the same except for the
technologies specified for treating contaminated groundwater.

4-15
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“Figure 4-2 Conceptual Containment System Configuration for Alternative GW-3
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Figure 4-3 Conceptual Cutoff Wall Design for Alternative GW-3
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Figure 44 Concentration of Strontium-90 Versus pH
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Figure 4-5 Concentration of Total Strontium Versus pH
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Figure 4-6 Moles of Lime Added Versus Concentration of Strontium-90
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Figure 4-8 Groundwater Extraction System for Alternative GW-5
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- 5.0 MODELING RESULTS

Numerical groundwater flow and solute transport models of the unconfined
groundwater flow systems in the 100 B/C Area were developed to evaluate alternative
remedial actions for minimizing further migration of strontium-90 to the Columbia River.
This section describes the design of these numerical models and the assumptions used in
constructing the models.

5.1 GROUNDWATER FLOW MODELS

5.1.1 Model Design

A groundwater flow model for the 100-BC-5 Operable Unit was designed and
constructed with ModelCad*®", a computer-aided design software package for groundwater
modeling (Geraghty and Miller, Inc 1993). ModelCad**®" has an interactive graphical
~ “interface; which provides a-fast and accurate method for designing and constructing
numerical groundwater flow models.

5.1.1.1 Model Code. The groundwater flow code that was used for the 100-BC-5 Operable
Unit model was MODFLOW (McDonald and Harbaugh 1988), a finite-difference
groundwater flow model code developed by the United States Geological Survey (USGS).
MODFLOW was selected for this evaluation after a review of Description of Codes and
Models to be Used in Risk Assessment (DOE-RL 1991b) and because it is capable of
simulating the unconfined aquifer on a personal computer. The code can be linked to MT3d,
a well documented transport code. Because the purpose of the modeling effort was to
support, detailed analysis of alternatives, a simple, personal computer-based model was
desired. The intent was to quantify in relative terms the effectiveness of the alternatives.
The modeling serves only as a tool for analysis.

5.1.1.2 Assumptions of Model Design. All of the hydrogeologic conditions that control the
movement of groundwater in an aquifer system are not known exactly; therefore, some
assumptions and simplifications must be made in constructing numerical models that simulate
groundwater flow. The following assumptions were made in the construction of the
groundwater flow models:

. the unconfined aquifer receives recharge by infiltration of precipitation

. there is vertical flow of groundwater between the unconfined aquifer and the
underlying layers

. the Columbia River has a uniform streambed thickness and a uniform depth
along the entire reach of the nver within the model grid.
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The scope of the modeling effort was to develop models to compare the relative
effectiveness of the various alternatives, not for design purposes. Therefore, it was not
feasible to model all of the details of the aquifer system, in particular, the large daily and
seasonal variations in the Columbia River stage. Because all of the alternatives are simulated
in the same manner and use the average river stage, the modeling is adequate for the
comparison of relative effectiveness of alternatives. Because the mixing zone between the
aquifer and the river was not simulated, the results are conservative, with more chromium
going to the Columbia River than if the chromium was diluted in the mixing zone.

5.2 GROUNDWATER FLOW MODEL

5.2.1 Model Grid

A 106 row by 112 column, two-dimensional (one layer), finite-difference grid was
constructed for the 100-BC-5 Operable Unit groundwater flow model. The grid was
uniformly spaced, with a row and column spacing of 25 m (82 ft). The y-direction of the
grid was oriented in a north-south direction, approximately parallel to the principal direction
of groundwater flow in the 100 B/C Area.

5.2.2 Boundary Conditions

The boundary conditions of a model define the head elevation or groundwater flow
rate along the boundaries of the model domain and were used to simulate hydrogeologic
conditions that contro!l the flow of groundwater in an aquifer system. The boundary
conditions used in the 100 B/C Area groundwater flow model were:

top of the model - water table (free-surface boundary)

bottom of the model - general head (head-dependent flux)

south boundary - constant head

north boundary - river nodes (head-dependent flow)

east and west boundaries - no flow (parallel to groundwater flow).

The lower boundary of the model grid was initially represented as a no-flow boundary
because the unconfined aquifer in the 100 B/C Area is underlain by low hydraulic
conductivity clays (DOE-RL 1993b). But in the calibration process, a general-head boundary
was used to allow upward flow across the clays so that the mode! predicted groundwater
elevations would better match observed values. This type of boundary allows flow into a cell
based on the head in the lower layer and the hydraulic conductivity.

The Columbia River was simulated in the model as river nodes, a type of
head-dependent flow boundary. The model adjusted the direction and rate of flow across the
river nodes based on the difference in the groundwater levels simulated by the model and the
stage elevations of the river nodes. When the simulated groundwater levels were higher than
the stage elevations of the river nodes, flow was outward from the model along the nodes.

3-2
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When the simulated groundwater levels were lower than the stage elevations of the river
nodes, flow was inward to the model along the nodes. The river nodes were used to
simulate, in a simplified manner, the hydraulic interaction between the Columbia River and
the unconfined aquifer in the 100 B/C Area.

5.2.3 Initial Conditions

Head elevations along the constant-head boundaries and river stage elevations in the
river nodes were specified as initial conditions for the 100 B/C Area groundwater flow
model. The head elevations for the constant-head boundaries were estimated by constructing
a groundwater elevation contour map of the unconfined aquifer from water levels measured
in the monitoring wells on November 19, 1993, and projecting the elevation contours to the
model grid boundaries. River stage elevations were estimated using the mean daily stage
elevation recorded at the 100-B gaging station on November 19, 1993, and the river gradient
calculated from a PNL river model. This gradient was verified by comparison to the
gradient measured on the USGS Vernita Bridge and Coyote Rapids 1:24,000 scale
topographic quadrangle maps of the area.

5.2.4 Bottom Elevations of Model Grid

A contour map of the bottom elevations of the unconfined aquifer (paleosols and
overbank deposits [Lindberg 1993]) was constructed from the geologic logs of the monitoring
wells in the 100 B/C Area using the computer graphics software package SURFER™ (Golden
Software 1991). The bottom elevation contour map was discretized to the model grid nodes
for input to MODFLOW using ModelCad*®".

5.2.5 Recharge

The aquifer recharge is reported to range from 0 to 10 cm/yr (Gee 1987). A uniform
recharge of S cm/yr (2 in/yr) was used in the flow model. This recharge rate was
determined by calibration of the flow model under steady-state flow conditions.

5.2.6 Aquifer Hydraulic Conductivity

The hydraulic conductivities of the Hanford and Ringold Formations in the
100 B/C Area are reported to range from 0.04 to 1,810 m/d (0.14 to 5,940 ft/d) (Hartman
and Peterson 1992). The hydraulic conductivity in the 100 B/C Area is reported to be
>4.6 m/d (15 ft/d) (DOE-RL 1993b). A hydraulic conductivity of 17 m/d (56 ft/d) was
used in the flow model. This value was determined by calibration of the flow model under

steady -state ﬂow conditions. The conductance of the bottom of the model, based on model

caiibration, is 2 m 2d (22 fid).



DOE/RL-94-59
Draft A

5.2.7 Storage Coefficient and Porosity

A uniform storage coefficient of 0.02 (dimensionless) and a porosity of 20% was used
in the flow model for the transient simulations. The storage coefficients for the unconfined
aquifer at the Hanford Site are reported to range from 0.01 to 0.2 (Hartman and Peterson
1992).

5.2.8 River Nodes

The MODFLOW River Package was used to simulate the Columbia River in the flow
model. This package simulated the interaction of the Columbia River with the unconfined
aquifer in the 100 B/C Area. The River Package required the following as input for each
node simulating the Columbia River in the model grid:

river stage elevation
bottom elevation of the river bed
. hydraulic conductance of the river bed.

River stage elevations recorded at the 100 B gaging station on November 19, 1993,
were used in the model. A uniform river depth of 4 m (13 ft} was assumed to estimate the
elevation of the river bed bottom at each river node.

The river bed hydraulic conductance is defined by the equation (McDonald and
Harbaugh 1988):

CRIV = KLW/M
where:

CRIV = hydraulic conductance of the river bed

K = vertical hydraulic conductivity of the river bed material
L = length of the river reach within the model grid cell

W = width of the river reach within the model grid cell

M = thickness of the river bed.

The hydraulic conductance of the river nodes representing the Columbia River in the
flow model was calculated assuming a uniform river bed thickness of 1 m (3 ft) for the river
in the 100 B/C Area. A vertical hydraulic conductivity of 1.7 m/d (5.7 ft/d) for the river
bed was used in the river bed conductance calculations for the model. This vertical
hydraulic conductivity was determined by calibration of the flow model under steady-state
flow conditions.
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5.2.9 Model Calibration

The 100 B/C Area groundwater flow model was calibrated to the water levels in the
monitoring wells and the Columbia River stage elevation measured on November 19, 1993,
The stage of the Columbia River, which is controlled by upstream dam releases, can vary
daily from 1.8 to 2.5 m (6 to 8 ft) and seasonally from 2.5 to 3.1 m (8 to 10 ft)

(DOE-RL 1993b). The November stage elevation and groundwater levels were used as
calibration targets for the model because they were considered to be representative of the
dynamic average or quasi-steady-state surface water and groundwater conditions at the site.

The flow model was calibrated by inputing initial estimates of recharge, aquifer
hydraulic conductivity and river bed conductance into the flow model and solving the model
for steady-state flow conditions. These estimated input parameters were then varied in
successive simulations until the steady-state head solution output by the model reasonably
matched the November 1993 water levels in the monitoring wells. When varying these
parameters within reasonable limits produced groundwater elevations which were too low,
the general head boundary was used to allow flow from the paleosols and overbank deposits
below the unconfined aquifer, The conductance of this boundary was adjusted to provide the
best match between model predicted and observed groundwater elevations.

5.3 SOLUTE TRANSPORT MODEL

5.3.1 Model Design

The 100-BC-5 Area solute transport model was designed and constructed with
ModelCad**™ (Geraghty and Miller, Inc 1993).

5.3.1.1 Transport Code. The solute transport code that was used for the 100-BC-5 Area
was MT3D, a finite-difference code deveioped by S.S. Papadopulos & Associates (1991).
MT3D simulates advection, dispersion, and chemical reactions of dissolved contaminants in
groundwater flow systems. The code uses a combination of the method of characteristics
(MOC) and the modified method of characteristics for the solution of the
advection-dispersion-reaction equation. The MOC technique was originally developed for
solute transport models by the USGS (Konikow and Bredehoeft 1978). MT3D was selected
for this evaluation because it is well documented, designed to be used in conjunction with the
groundwater flow model code MODFLOW, and is personal computer based.

5.3.2 Technical Approach
The 100-BC-5 Area solute transport model was developed by simulating strontium-90
releases from liquid waste disposal trenches, retention basins, drains, and cribs (Figure 5-1)

occurring from 1944 to 1969 and calibrating the model to strontium-90 concentrations
observed in groundwater in January 1993 (DOE-RL 1993b).
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- The site sources that released strontium-90 into the groundwater were simulated as
injection wells in the calibrated flow model. The leakage rate for each site was calculated
from the total liquid waste volume the site received and the time period the site was in
service (WHC 1991). This leakage rate was divided by the number of well nodes simulating
the areal extent of the site to estimate the initial injection rate of each well. The calculated
initial injection rates were then adjusted during the transport model calibration process.

The strontium-90 releases from the sites occurring between 1944 and 1969 were
simplified in the model. Three stress periods were simulated with the following sites active
during each period (no sources were active after 1968):

o 1945 - 1952: 116-B-1, 116-B-2, 116-B-11
. 1953 - 1957 116-B-5, 116-B-10, 116-B-11, 116-C-1, 116-C-5

. 1958 - 1968: 116-B-4, 116-B-5, 116-B-10, 116-B-11, 116-C-1,
116-C-5.

A solution from a transient groundwater flow model run simulating the releases was
used in the solute transport model which simulated advection, dispersion, and reaction of
strontium-90 in the subsurface and estimated strontium-90 concentrations in groundwater.,

An initial concentration of 7.09 x 107 kg/m® (0.1 pCi/mL) was input at the injection
well nodes simulating the point sources of the releases and then adjusted in the calibration
process. The solute transport simulations were run using a porosity of 20%, longitudinal to
transverse dispersivities of 10 to 1 m (32.8 to 3.3 ft), a retardation factor of 213, and a half
life of 28.1 years. A low estimate of the distribution coefficient of 20 mL/g (0.02 m*/kg)
(Ames and Serne 1991) was used to calculate the retardation factor because it represents a
conservative approach in simulating concentrations of strontium-90 in the groundwater. A
bulk density of 2,120 kg/m® was used.

Because of the high strontium-90 retardation factor, the transport model solutions
were less sensitive to porosity and dispersivity and more sensitive to the source strength.
The transport model calibration was based on adjusting the source strength by varying the
leakage rate of the injection well nodes and the initial concentrations of the point sources.
The model-simulated strontium-90 solute concentrations were compared with the
concentrations observed in groundwater in January 1993 (DOE-RL 1993b). The strontium-90
concentration contour map from the calibrated transport model solution is presented in
Figure 5-2.
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5.4 MODELING RESULTS

5.4.1 GW-1 and GW-2: No Action and Institutional Controls/Continued Current
Actions Alternatives

For the no action and institutional controls/continued current actions alternatives, the
calibrated strontium-90 plume was migrated to the years 2008 and 2018 using the flow field
solution from the calibrated steady-state groundwater flow model. The strontium-90
concentrations calculated by the calibrated transport model were used as the initial
concentrations for the solute transport simulations of all three remedial alternatives. The
transport simulations were run using a porosity of 20%, longitudinal to transverse
dispersivities of 10 to 1 m (32.8 to 3.3 ft) and a retardation factor of 213.

The strontium-90 concentration contour maps from the transport simulation solutions
are shown in Figures 5-3 and 5-4. In the no action simulations, 0.07 Ci of strontium-90 are
discharged into the river nodes simulating the Columbia River in the year 2008 simulation
and 0.1 Ci in the year 2018 simulation.

5.4.2 GW-3: Vertical Barrier Alternative

The vertical barrier alternative consisted of a vertical, low permeability wall placed
near the Columbia River, which would act as a barrier for the further migration of
contaminated groundwater into the river. In the model, a single groundwater extraction well
was simulated at each end of the vertical barrier to minimize migration of groundwater
around the ends of the wall.

For the barrier wall simulations, the calibrated groundwater flow model was modified
by changing the aquifer hydraulic conductivity in a line of grid nodes along the Columbia
River (Figure 5-5) to 1 x 10 cm/s to represent the barrier wall. Based on the grid size, the
effective width of the wall is 25 m (82 ft} and the wall is 450 m (1,500 ft) long. Two well
nodes were also added to the model near the ends of the simulated barrier wall to represent
the groundwater extraction wells,

The location of the barrier wall and the discharge rates of the well nodes were varied
in successive simulations to maximize plume capture and minimize the additional leakage of
water from the river nodes simulating the Columbia River due to the pumping well nodes. A
particle tracking program PATH3D (Zheng 1991) simulating advective movement of
contaminant solutes in groundwater was used to delineate the capture zone. The discharge
rate of the well nodes was set at 544 m*/d (100 gpm) to ensure the plume capture
(Figure 5-6).

Plume migration was then simulated to the years 2008 and 2018 using the flow field

solution from the modified calibrated groundwater flow model. Transport simulations were
run using the same range of transport parameters as for the no action alternative.

5-7
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- The strontium-90 concentration contour maps from the barrier wall simulation
solutions using porosity of 20%, longitudinal dispersivity of 10 m (32.8 ft), transverse
dispersivities of 1 m (3.3 ft), and a retardation factor of 213 are presented in Figures 5-7 and
"“5-8." The water table map for the year 2008 simulation is shown in Figure 5-9. In the barrier
wall simulation, 0.008 Ci of strontium-90 are discharged into the river nodes simulating the
Columbia River in the year 2008 simulation and 0.01 Ci in the year 2018 simulation. The
amount of strontium discharging into the river is reduced by 87%. In comparison to the no
action alternative, these simulations indicate that a vertical barrier wall would be effective in
reducing further migration of contaminated groundwater into the Columbia River.

5.4.3 GW-5 and GW-6: Removal, Treatment, Disposal Alternatives

Simulation of the groundwater extraction and treatment alternative consisted of a line
of extraction wells along the Columbia River to control further migration of the contaminated
groundwater into the river.

For the groundwater extraction and treatment simulations, the calibrated groundwater
flow model was modified by adding four well nodes to the model to represent the boundary
control extraction wells. Four well nodes were placed along the Columbia River
(Figure 5-10). The location, spacing and discharge rates of these well nodes were varied in
successive simulations to maximize plume capture and to minimize the additional leakage of
water from the river nodes simulating the Columbia River due to the well nodes (minimize
the uptake of river water by the boundary control wells). In order to confirm that plume
capture was established at relatively low drawdowns in the well nodes of approximately
0.6 m (2 ft), the particle tracking program PATH3D simulating advective movement of
contaminant solutes in groundwater was used. Figure 5-11 shows results of a particle
tracking simulation using the modified calibrated groundwater flow model. A well spacing
of approximately 100 m (328 ft) with discharge rates 544 m*/day (100 gpm) maximized the
plume capture and minimized the additional river leakage in the model due to the well nodes.

Plume migration was then simulated to the years 2008 and 2018 using the flow field
solution from the modified calibrated groundwater flow model. Transport simulations were
run using the same range of transport parameters as for the no action alternative.

The strontium-90 concentration contour maps from the extraction and treatment
simulation solutions using porosity of 20%, longitudinal dispersivity of 10 m (32.8 ft),
transverse dispersivities of 1 m (3.3 ft), and a retardation factor of 213 are presented in
Figures 5-12 and 5-13. The water table map for the year 2008 simulation is shown in
Figure 5-14. In the extraction and treatment simulations, 0.004 Ci of strontium-90 is
discharged into the river nodes in the year 2008 simulation and 0.007 Ci in the year 2018
simulation. The amount of strontium discharging into the river is reduced by 93%. In
comparison to the no action simulations, these simulations indicate that a groundwater
extraction and treatment system would be effective in minimizing further migration of
contaminated groundwater into the Columbia River.



Figure 5-1 100-BC-5 Operable Unit Base Map
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- Figure 5-2 Simulated Strontium-99 Concentration Map
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Figure 5-3 No Action Alternative Simulated Strontium-90 Concentration Map
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" Figure 5-4 No Action Alternative Simulated Strontium-90 Concentration Map
25 Year Simulation
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- Figure 5-5 Vertical Barrier Location and Initial Concentration Map
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- Figure 5-6 Vertical Barrier Alternative Simulated Plume Capture
with Particle Tracking, 15 Year Simulation
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“Figure 5-7 Vertical Barrier Alternative Simulated Strontium-90 Concentration Map
15 Year Simulation
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"Figure 5-8 Vertical Barrier Alternative Simulated Strontium-90 Concentration Map
25 Year Simulation
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- Figure 5-9 Vertical Barrier Alternative Water Table Contour Map
15 Year Simulation
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Figure 5-10 Groundwater Extraction Well Locations and Initial Concentration Map
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Figure 5-11 Groundwater Extraction Alterative Simulated Plume Capture with
Particle Tracking, 15 Year Simulation
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- Figure 5-12 Groundwater Extraction Alternative Simulated Strontium-90
Concentration Map, 15 Year Simulation
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Figure 5-13 Groundwater Extraction Alternative Simulated Strontium-90

Concentration Map, 25§ Year Simulation
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Figure 5-14 Groundwater Extraction Alternative Water Table Contour Map

15 Year Simulation
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6.0 DETAILED ANALYSIS

- --— -The detailed analysis for the 100-BC-5 Operable Unit is presented in Tables 6-1

through 6-4. The tables are organized by alternative and by the CERCLA nine criteria.
Evaluation of the alternatives against the ARAR is presented in Table 6-5.

Nine evaluation criteria have been identified in EPA guidance to evaluate remedial
actions. The evaluation criteria are the basis for the detailed analysis task during the FFS.
The evaluation criteria as defined in Guidance for Conducting Remedial Investigations and
Feasibility Studies Under CERCLA (EPA 1988) are discussed below.

6.1 OVERALL PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT

This criterion provides an assessment of whether each alternative provides adequate
protection of human health and the environment. Evaluation focuses on a specific
alternative’s ability to achieve adequate protection and describes how site risks posed through
each pathway being addressed by the FFS are eliminated, reduced, or controlied through
treatment, engineering, or institutional controls. This evaluation also allows for
consideration of any unacceptable short-term or cross-media impacts associated with each
alternative. The following questions represent the information included in the analysis of this
criterion:

Will risk be at acceptable levels?
What is the time frame to achieve acceptable levels?
. Will additional threats be minimized?

6.2 COMPLIANCE WITH ARAR

This criterion is used to determine whether each alternative will meet Federal and
State ARAR and TBC or if there is justification for an ARAR waiver. The CERCLA defines
six types of ARAR waivers as follows:

interim actions

greater risk to heaith and the environment
technical impracticability

equivalent standard of performance
inconsistent application of state requirements
fund-balancing.

Questions concerning compliance with ARAR which are addressed in the detailed
analysis include:

Are ARAR available?
What are the potential ARAR?

6-1
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Will the potential ARAR be met and how?

What is the basis for waivers?

If ARAR are not available, what are the potential TBC?
Is the alternative consistent with the potential TBC?

6.3 LONG-TERM EFFECTIVENESS AND PERMANENCE

This criterion addresses the risk remaining at the site after RAO have been met. The
primary focus of this evaluation is the extent and effectiveness of the controls that may be
required to manage the risk posed by treatment residuals and/or untreated wastes. The
following questions are addressed in the detailed analysis:

What is the magnitude of the remaining risk?

What remaining sources of risk can be identified? How much is due to
treatment residuals and how much is due to untreated residual contamination?

Will a 5-year review be required?

What is the likelihood that the technologies will meet required process
efficiencies of performance specifications?

What type and degree of long-term management is required?
What are the requirements for long-term monitoring?
What operation and maintenance functions must be performed?

What difficulties and uncertainties may be associated with long-term operation
and maintenance?

What is the potential need for replacement of technical components?

What is the magnitude of the threats or risks should the remedial action need
replacement?

What is the degree of confidence that controls can adequately handle potential
problems?

What are the uncertainties associated with land disposal of residuals and
untreated waste?
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6.4 REDUCTION OF TOXICITY, MOBILITY, OR VOLUME THROUGH
TREATMENT

The goal of this criterion is to address the statutory preference for remedial actions
which employ treatment technologies that permanently and significantly reduce toxicity,
mobility, and volume. This evaluation focuses on the following questions:

. Does the treatment process employed address the principal threats?

o An;, there any special requirements for the treatment process?

. What portion (mass, volume) of contaminated material is destroyed?

U What portion (mass, volume) of contaminated material is treated?

. To what extent is the total mass of toxic contaminants reduced?

. To what extent is the mobility of toxic contaminants reduced?

® To what extent is the volume of toxic contaminants reduced?

. To what extent are the effects of treatment irreversible?

. What residuals remain?

. What are their quantities and characteristics?

. What risks do treatment residuals pose?

g Are principal threats within the scope of the action?

. Is treatment used to reduce inherent hazards posed by principal threats at the
site?

6.5 SHORT-TERM EFFECTIVENESS

This evaluation criterion addresses the effects of the alternative during the
construction and implementation phase until RAQ are met. The following factors should be
addressed as appropriate for each alternative:

health and safety of the community during remedial actions
health and safety of workers during remedial actions
environmental impacts

time until remedial response objectives are achieved.
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6.6 IMPLEMENTABILITY

The implementability criterion addresses the technical and administrative feasibility of
implementing an alternative and the availability of various services and materials required
during its implementation. This criterion involves analysis of the following factors:

. technical feasibility:

construction and operation

reliability of technology

ease of undertaking additional remedial action

monitoring considerations

ability of technology to meet PRG, including detection limit

. administrative feasibility - activities needed to coordinate with other offices
and agencies

. availability of services and materials:

6.7 COST

availability of adequate offsite treatment, storage capacity, and disposal
services

availability of necessary equipment and specialists, and provisions to
ensure any necessary additional resources

availability of services and materials plus the potential for obtaining
competitive bids, which may be particularly important for innovative
technologies

availability of prospective technologies.

This criterion addresses capital costs, both direct and indirect, annual operations and
maintenance (O&M) costs, accuracy of cost estimate, present worth analysis and cost
sensitivity analysis of alternatives.

6.7.1 Direct Capital Costs

Direct capital costs include:

construction costs

equipment COsts

land and site-development costs
building and service costs
relocation expenses

disposal costs.

6-4
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6.7.2 Indirect Capital Costs
Indirect capital costs include:

engineering expenses
license or permit costs
startup and shakedown costs
contingency allowances.

6.7.3 Annual O&M Costs
Annual O&M costs include:

operating labor costs

maintenance materials and labor costs
auxiliary material and energy

disposal of residues

purchased services

administrative costs

insurance, taxes, and licensing costs
maintenance reserve and contingency funds
rehabilitation costs

costs of periodic site reviews.

6.7.4 Accuracy of Cost Estimates

Study estimates of costs are expected to provide an accuracy of +50% to -30% and
~--are- prepared using-data available from the LFI treatability studies, and ongoing projects.

6.7.5 Present Worth Analysis

Present worth analysis is used to evaluate expenditures that occur over different time
periods by discounting all future costs to a common base year, usually the current year. This
allows all alternatives to be assessed based on current costs of the remedial action. The
present worth analysis requires assumption to be made regarding the discount rate and the
period of performance. A discount rate of 5% before taxes and after inflation is
recommended. Period of performance should not exceed 30 years.
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6.8 REGULATORY ACCEPTANCE

This criterion evaluates the technical and administrative concerns of the regulating
agency. These concerns are generally addressed in the ROD.

6.9 COMMUNITY ACCEPTANCE

This is an evaluation of the concerns of the public and is addressed in the ROD.



OVERALL PROTECTION
OF HUMAN HEALTH
AND THE
ENVIRONMENT

ALTERNATIVE GW-1: NO ACTION

Will risk be at acceptable levels?

BI-19

Human Health: Yes, currently existing conditions present low human health
risk (incremental cancer risk 10° to 10, hazard quotient <1) for both the
frequent- and occasional-use scenarios, based on the 100-BC-5 Operable Unit
Qualitative Risk Assessment (QRA) (WHC 1993c) and supplemental risk
assessment (Appendix B).

Environment; Uncertain; currently existing conditions present low ecological
risk (<1 rad/day, U.S. Department of Energy (DOE) Order 5400.5) from
radionuclides, based on the 100-BC-5 Operable Unit QRA (WHC 1993c).
Potential risks exist because the concentrations of chromium and aluminum
exceed the ambient water quality criteria in the near-river wells. This risk i as
determined in the QRA is conservative because no allowance has been made
for natural attentuation of the contaminants. No quantification of risk in the
substrate has been made.

(11 Jo 1 38eq)

Timeframe to achieve acceptable levels?

The risk to human health and the environment from the 100-BC-5 Operable
Unit is currently at acceptable levels based on the maximum strontium-90
concentration of 130 pCi/L. While the concentration of strontium-90 is at an
acceptable risk level, it is above the current and proposed Safe Drinking Water
Act (SDWA) maximum contaminant level (MCL). The time required for the
peak concentration of strontium-90 in the near river wells to decay to the 42
pCi/L proposed MCL and the 8 pCi/L current MCL is approximately 49 years
and 120 years, respectively. Due to the high adsorption rate and low
desorption rate within the unconfined aquifer, the majority of strontium-90 will
decay prior to migrating into the Columbia River.

Will additional threats be minimized?

No additional threats will result from the implementation of this alternative,

JANBWIAY UOIDY ON ‘[-AD 10 SISA[eUy pIfedd 1-9 dqelL
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COMPLIANCE WITH
ARAR

ALTERNATIVE GW-1: NO ACTION

— —

— e

What are the potential applicable or See Table 6-5.
relevant and appropriate requirements

(ARAR})?

Will the potential ARAR be met? How? See Table 6-5.

Basis for waivers?

Potential basis for ARAR waiver of SDWA MCL based on technical
impracticability. The high adsorption and low desorption characteristics of the
strontium-90 in the aquifer sediments makes removal of the strontium-90
difficult. Also, ability to treat to MCL is unknown. The Ambient Water
Quality Criteria for chromium and aluminum are exceeded in the near-river
wells and springs; however, they were below the criteria in the river.

What are the potential to-be-considered
(TBC)?

See Table 6-5.

Is the alternative consistent with TBC listed
above

See Table 6-5.

(11 Jo 7 33eg)
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LONG-TERM
EFFECTIVENESS AND
PERMANENCE

ALTERNATIVE GW-1: NO ACTION

What is the magnitude of the remaining
risk?

The 100-BC-5 Operable Unit QRA and supplemental risk assessment indicate
the current risk to human health and the environment from strontium-90 is
low. The currently existing concentrations of strontium-90 in the unconfined
aquifer will continue to decrease by radioactive decay.

What remaining sources of risk can be
identified?

Based on the current low risk from the 100-BC-5 Operable Unit identified in
the QRA and the supplemental risk assessment, no remaining sources of risk
can be identified. Based on the high adsorption rate and low desorption rate
for strontium-90, the majority of contamination will decay while isolated
within the unconfined aquifer.

What is the likelihood that the technologies
will meet performance needs?

Remedial technologies are not included in the no action alternative; therefore
performance needs are not identified. Although low risk from the 100-BC-5
Operable Unit is identified in the QRA and supplemental risk assessment,
monitoring of the site is assumed to continue through the year 2008.
Ecological risks are currently uncertain and will be further evaluated through
current actions being conducted on site.

What type and degree of long-term
management is required?

No long-term management is required for this alternative. Monitoring of the
operable unit is conducted under existing programs. Long-term management
requirements beyond the IRM period will be addressed by the final remediai
action.

What are the requirements for long-term
monitoring?

The current monitoring program will continue through the IRM period,;
evaluations will be made periodicaily to determine the need for additional
remedial action or changes in the monitoring program.

What operation and maintenance (O&M)
functions must be performed?

No O&M functions will be required throughout the period of government
control to perform and maintain groundwater monitoring activities.

(11 Jo € 3deq)
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LONG-TERM
EFFECTIVENESS AND
PERMANENCE

ALTERNATIVE GW-1: NO ACTION

What difficulties may be associated with None.
long-term QO&M?
What is the potential need for replacement { None.

of technical components?

What is the magnitude of risk should the
remedial aclion need replacement?

No different than current risk.

What is the degree of confidence that
controls can adequately handie potential
problems?

The number of monitoring wells currently in place is considered adequate to

effectively monitor contaminant migration within the 100-BC-5 Operable Unit.

The frequency of sampling and the number of samples taken ensure accurate
monitoring results.

How is the removed contamination disposed
of?

Not applicable. No contaminants are removed from the aquifer (other than for
monitoring).

(11 Jo p 33eq)
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REDUCTION OF
TOXICITY, MOBILITY,
OR VOLUME

ALTERNATIVE GW-1: NO ACTION

Does the treatment process address the
| principal threats?

The no action alternative does not involve treatment. The migration of
strontium-90 into the Columbia River presents low risk to human health and
the environment, based on the 100-BC-5 Operable Unit QRA (WHC 1993c¢)
and supplemental risk assessment (Appendix B). Ecological risks from
chromium and aluminum are uncertain but are likely low.

Are there any special requirements for the
| treatment process?

No special requirements are associated with this alternative.

| What portion of the contaminated material

| is treated/destroyed?

Contaminated material is neither treated nor destroyed.

| To what extent is total mass of toxic
| contaminants reduced?

The mass of strontium-90 is reduced by radioactive decay. Due to the high
adsorption rate and low desorption rate of strontium-90 within the unconfined
aquifer, the majority of contamination will decay prior to migration into the
Columbia River.

To what extent is the mobility of toxic
contaminants reduced?

Contaminant mobility is not reduced; however, the contaminant mobility is
relatively low due to the high adsorption and low desorption characteristics of
the strontium-90. The velocity of strontium-90 in the unconfined aquifer is
significantly less than the velocity of the groundwater itself. Based on the
retardation factor used in the groundwater modeling {(see Section 4.0), the
travel time for strontium-90 to reach the river is 213 times greater than that of
the groundwater.

To what extent is the volume of toxic
contaminants reduced?

Contaminant volume is not reduced through treatment; however, the
strontium-90 will naturally decay.

To what extent are the effects of the
treatment irreversible?

Radioactive decay and contaminant migration into the river is irreversible.

(11 Jo § a3ed)
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REDUCTION OF
TOXICITY, MOBILITY,
OR VOLUME

What are the quantities of residuals and
characteristics of the residual risks?

ALTERNATIVE GW-1: NO ACTION

No treatment residuals result from this alternative,

What risk do treatment of residuals pose?

No risk from treatment is associated with this alternative.

(11 Jo 9 33ed)

Is treatment used to reduce inherent hazards
posed by principal threats at the site?

The inherent hazards associated with the principal threat of the strontium-90

are low and currently at acceptable levels. Strontium-90 levels are reduced by
natural radioactive decay. No treatment is included in this alternative.
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SHORT-TERM - ALTERNATIVE GW-1: NO ACTION
EFFECTIVENESS

What are the nisks to the community during | None.
remedial actions that must be addressed?

How will the risks to the community be Not applicable.
addressed and mitigated?
What risks remain to the community that None.
! cannot be readily controlied?
What are the risks to the workers that need | None.
to be addressed?

81-19

vV ¥eIg

What risks remain to the workers that None.
cannot be readily controlled?

(IT Jo L 33eg)
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How will the risks to the workers be None.
addressed and mitigated?

| What environmental impacts are expected None based on the use of existing monitoring wells.
with the construction and implementation of
the alternative?

What are the impacts that cannot be None.
avoided should the alternative be
implemented?
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SHORT-TERM
EFFECTIVENESS

How long until remedial action objectives
are achieved?

41-19

ALTERNATIVE GW-1: NO ACTION

The RAO for protection of human health and the environment are satisfied
under the current conditions of the 100-BC-5 Operable Unit, based on the
QRA and supplemental risk assessment. Reductions of strontium-90
concentrations in the unconfined aquifer to SDWA MCL will eventually be
achieved through radioactive decay. As described previously, the 130 pCi/L
peak concentration of strontium-90 will decay to the proposed 42 pCi/L
SDWA MCL in approximately 49 years and to the current 8 pCi/L SDWA
MCL in approximately 120 years, resulting in even lower risk.
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IMPLEMENTABILITY

ALTERNATIVE GW-1: NO ACTION :

What difficulties and uncertainties are None.
associated with construction?
What is the likelihood that technical None. e
problems will lead to schedule delays? =
What likely future remedial action$ are Based on the currently acceptable risk to human health identified in the 3
anticipated? 100-BC-5 Operable Unit QRA and supplemental risk assessment, the need for o
future remedial actions is unlikely. Continuous decay of strontium-90 will %
further reduce the already acceptable risk associated with the 100-BC-5 E:
Operable Unit. Ecological risks are assumed to be low; however, current e
activities being conducted at the 100 Area will provide information for g’
additional analysis of ecological risk. 5 '_%
w
What risks of exposure exist should Groundwater monitoring failure would not result in exposure risks greater than | ® i
monitoring be insufficient to detect failure? | the currently existing low risk to human health and the environment identified e §
in the 100-BC-S Operable Unit QRA and supplemental risk assessment. =8 2
k.

What activities are proposed which require | None. = -
coordination with other agencies? 2z
: (=
Are adequate treatment, storage capacity, Treatment, storage, and disposal are not applicable to this alternative. F >
and disposal services available? i =2
=
Are the necessary equipment and specialists | Yes, groundwater monitoring is a well established technology. >
available? g
: : g
What additional equipment and specialists None. 2
are required and what are their potential 3

impacts to implementation?

Are technologies under consideration
generally available and sufficiently
demonstrated?

Yes, groundwater monitoring is well established technology.
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IMPLEMENTABILITY

Will technologies require further

development before they can be applied at
the site?

e —

ALTERNATIVE GW-1: NO ACTION

Will more than one vendor be available to
provide a competitive bid?

Yes, groundwater monitoring equipment and services are commercially
available.
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Draft A

Table 6-1 Detailed Analysis for GW-1, No Action Alternative

(Page 11 of 11)

COST COMPONENT ALTERNATIVE GW-1: NO ACTION
Capital? $0
Operation and Maintenance? $0

Present Worth?

6T-1k
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OVERALL PROTECTION
OF HUMAN HEALTH
AND THE
ENVIRONMENT

ALTERNATIVE GW-2: INSTITUTIONAL CONTROLS/
CONTINUED CURRENT ACTIONS

Will risk be at acceptable levels?

Human Health: Yes, currently existing conditions present low human health
risk (incremental cancer risk 10 to 10*, hazard quotient <1) for both the
frequent- and occasional-use scenarios, based on the 100-BC-5 Operable
Unit Qualitative Risk Assessment (QRA) (WHC 1993c) and supplemental
risk assessment (Appendix B).

Environment: Uncertain; currently existing conditions present low
ecological risk (<1 rad/day, U.S. Department of Energy (DOE) Order
5400.5) from radionuclides, based on the 100-BC-5 Operable Unit QRA
(WHC 1993c). Potential risks exist because the concentrations of chromium
and aluminum exceed the ambient water quality criteria in the near-river
wells. This risk i as determined in the QRA is conservative because no
allowance has been made for natural attentuation of the contaminants. No
quantification of risk in the substrate has been made.

Timeframe to achieve acceptable levels?

The risk to human health and the environment from the 100-BC-5 Operable
Unit is currently at acceptable levels based on the maximum strontium-90
concentration of 130 pCi/L.. While the concentration of strontium-90 is at
an acceptable risk level, it is above the current and proposed Safe Drinking
Water Act (SDWA) maximum contaminant level (MCL). The time required
for the peak concentration of strontium-90 in the near river wells to decay
to the 42 pCi/L proposed MCL and the 8 pCi/L current MCL is
approximately 49 years and 120 years, respectively. Due to the high
adsorption rate and low desorption rate within the unconfined aquifer, the

majority of strontium-90 will decay prior to migrating into the Columbia
River.

Will additional threats be minimized?

No additional threats will result from the implementation of this alternative.
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COMPLIANCE WITH
ARAR

ALTERNATIVE GW-2: INSTITUTIONAL CONTROLS/
CONTINUED CURRENT ACTIONS

What are the potential applicable or relevant
and appropriate requirements (ARAR)?

See Table 6-5.

Will the potential ARAR be met? How?

See Table 6-5.

Basis for waivers?

Potential basis for ARAR waiver of SDWA MCL based on technical
impracticability. The high adsorption and low desorption characteristics of
the strontium-90 in the aquifer sediments makes removal of the strontium-90
difficult. Also, ability to treat to MCL is unknown. The Ambient Water
Quality Criteria for chromium and aluminum are exceeded in the near-river
wells and springs; however, they were below the criteria in the river.

What are the potential to-be-considered
(TBC)?

See Table 6-5.

Is the alternative consistent with TBC listed
above?

See Table 6-5.
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LONG-TERM
EFFECTIVENESS AND
PERMANENCE

ALTERNATIVE GW-2: INSTITUTIONAL CONTROLS/
CONTINUED CURRENT ACTIONS

§ What is the magnitude of the remaining risk?

The 100-BC-5 Operable Unit QRA and supplemental risk assessment
indicate the current risk to human health and the environment from
strontium-90 is low. This low risk will decrease further as strontium-90
decays. Based on the high adsorption rate and low desorption rate within
the unconfined aquifer, the majority of strontium-90 will decay prior to
migrating into the Columbia River.

Z-19

| What remaining sources of risk can be

identified?

Based on the low risk to human health and the environment associated with
the 100-BC-5 Operable Unit identified in the QRA and supplemental risk
assessment, no remaining sources of risk can be identified. As noted
above, the high adsorption rate and low desorption rate will result in the
majority of strontium-90 decaying while isolated in the unconfined aquifer.

What is the likelihood that the technologies

| will meet performance needs?

Although the risk to human heatth and the environment from the 100-BC-5
Operable Unit is currently at acceptable levels, performance needs for the
institutional controls alternative are defined as the prevention of access to
and contact with contaminated groundwater. Institutional controls (access
restrictions, water rights restrictions, groundwater monitoring) are minimum
technology actions which require maintenance and enforcement by the
responsible authorities. Government control of the Hanford Site is assumed
to be maintained through the year 2018, based on the Tri-Party Agreement,

What type and degree of long-term
management is required?

Long-term management requirements for this alternative involve continued
access restriction enforcement and groundwater monitoring until such time
as these actions are considered no longer necessary.

What are the requirements for long-term

monitoring?

The current monitoring program will continue and evaluations will be made
periodically to determine the need for additional remedial action or changes
tn the monitoring program.
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LONG-TERM
EFFECTIVENESS AND
PERMANENCE

What operation and maintenance (O&M)
functions must be performed?

ALTERNATIVE GW-2: INSTITUTIONAL CONTROLS/
CONTINUED CURRENT ACTIONS

O&M will be required throughout the action period to perform and maintain
groundwater monitoring activities and access control.

What difficulties may be associated with
long-term O&M?

None foreseeable during government control of the site (through the IRM

period). A defined responsible party will be required to perform O&M
after government control of the site is terminated.

What is the potential need for replacement of
technical components?

Periodic replacement or refurbishing of groundwater monitoring wells may
be required on an as needed basis. Technical aspects of access restrictions
require only enforcement and upkeep of fences, signs, and barriers.

What is the magnitude of risk should the
remedial action need replacement?

Negligible risk is associated with the maintenance or replacement of
groundwater monitoring wells. These activities primarily involve physical
hazards to workers such as those associated with drilling activities.

What is the degree of confidence that controls
can adequately handle potential problems?

The number of monitoring wells currently in place is considered adequate to
effectively monitoring contaminant migration within the 100-BC-5 Operable
Unit. The frequency of sampling and the number of samples taken ensure
accurate monitoring results. Based on the intended recreational use of the
100 Area after the period of government control, no potential problems in
restricting access to contaminated groundwater are anticipated.

How is the removed contamination disposed
of?

Not applicable. No contaminants are removed from the aquifer (other than
for monitoring).
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REDUCTION OF
TOXICITY, MOBILITY,
OR VOLUME

ALTERNATIVE GW-2: INSTITUTIONAL CONTROLS/
CONTINUED CURRENT ACTIONS

Does the treatment process address the principal
threats?

The institutional controls alternative does not involve treatment. However,
the principal threat of strontium-90 migration into the Columbia River
presents low risk to human health and the environment, based on the
100-BC-5 Operable Unit QRA (WHC 1993c) and supplemental risk
assessment (Appendix B).

Are there any special requirements for the
treatment process?

No special requirements are associated with this alternative.

What portion of the contaminated material is
treated/destroyed?

Contaminant material is not destroyed through treatment; however, the
strontium-90 will radioactively decay naturally.

To what extent is total mass of toxic
contaminants reduced?

The mass of strontium-90 is reduced by radioactive decay. Due to the
high adsorption rate and low desorption rate of strontium-90 within the
unconfined aquifer, the majority of contamination will decay prior to
migration into the Columbia River.

To what extent is the mobility of toxic
contaminants reduced?

Contaminant mobility is not reduced; however, the mobility of
strontium-90 is relatively low. The velocity of strontium-90 in the
unconfined aquifer is significantly less than the velocity of the
groundwater itself. Based on retardation factor used in the groundwater
modeling (see Section 5.0), the travel time for strontium-90 to reach the
river is 213 times greater than that of the groundwater.

To what extent is the volume of toxic
contaminants reduced?

Contaminant volume is not reduced through treatment but the strontium-90
does decay naturally.

To what extent are the effects of the treatment
irreversible?

Radioactive decay and contaminant migration into the river is irreversible.
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REDUCTION OF
TOXICITY, MOBILITY,
OR VOLUME

What are the quantities of residuals and
characteristics of the residual risks?

JT-19

ALTERNATIVE GW-2: INSTITUTIONAL CONTROLS/
CONTINUED CURRENT ACTIONS

No treatment residuals result from this alternative.

What risk do treatment of residuals pose?

No risk from treatment is associated with this alternative,

Is treatment used to reduce inherent hazards
|Lposed by principal threats at the site?

The inherent hazards associated with the strontium-90 are low and at
acceptable levels. No treatment is included in this alternative,
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SHORT-TERM
EFFECTIVENESS

ALTERNATIVE GW-2: INSTITUTIONAL CONTROLS/
CONTINUED CURRENT ACTIONS

What are the risks to the community during
remedial actions that must be addressed?

None,

How will the risks to the community be
addressed and mitigated?

Not applicable.
\

What risks remain to the community that
cannot be readily controlied?

None.

What are the risks to the workers that need to
be addressed?

Risks to workers are associated with groundwater monitoring. Minimal
exposure risks are anticipated with monitoring activities. The exposure
duration associated with monitoring is estimated to be approximately

12 hours per year per worker.

What risks remain to the workers that cannot
be readily controlled?

None.

How will the risks to the workers be
addressed and mitigated?

Workers involved with monitoring activities will be required to undergo
extensive training in sample collection and handling procedures. Health and
safety protocols will be established and enforced, such as specification of
personal protection equipment, safe work practices, contaminant control
measures, and decontamination procedures.

What environmental impacts are expected with
the construction and implementation of the
alternative?

None, based on the use of existing monitoring wells, Negligible impacts are
anticipated if periodic well maintenance is required.

What are the impacts that cannot be avoided
should the alternative be avoided should the
alternative be implemented?

Impacts are minimat.
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SHORT-TERM
EFFECTIVENESS

How long until remedial action objectives are
achieved?

Uc-19

ALTE

e e

RNATIVE GW-2: INSTITUTIONAL CONTROLS/
CONTINUED CURRENT ACTIONS

The remedial action objectives for protection of human health and the
environment are satisfied under the current conditions of the 100-BC-5
Operable Unit, based on the QRA and supplemental risk assessment.
Reductions of strontium-90 concentrations in the unconfined aquifer to
SDWA MCL will eventually be achieved through radioactive decay. As
described previously, the 130 pCi/L peak concentration of strontium-%0 will
decay to the proposed 42 pCi/L SDWA MCL in approximately 49 years and
to the current 8 pCi/L SDWA MCL in approximately 120 years, resulting
in even lower risk.
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IMPLEMENTABILITY

ALTERNATIVE GW-2: INSTITUTIONAL CONTROLS/
CONTINUED CURRENT ACTIONS

What difficulties and uncertainties are None.
associated with construction?
What is the likelihood that technical problems | None.

will lead to schedule delays?

What likely future remediat actions are
anticipated?

Based on the currently acceptable risk to human heaith and the environment
identified in the 100-BC-5 Operable Unit QRA (WHC 1993c) and
supplemental risk assessment, the need for future remedial actions is
unlikely. Continuous decay of strontium-90 will further reduce the aiready
acceptable risk associated with the 100-BC-5 Operable Unit.

What risks of exposure exist should
monitoring be insufficient to detect failure?

Groundwater monitoring failure would not result in exposure risks greater
than the currently existing low risk to human health and the environment
identified in the 100-BC-5 Operable Unit QRA (WHC 1993c¢) and
supplemental risk assessment. The risk identified in the risk assessments
was determined using the maximum concentration of strontium-90 and
should represent a maximum risk under the exposure scenario.

What activities are proposed which require
coordination with other agencies?

After the period of government control (year 2018), enforcement of
groundwater access restrictions and performance of groundwater monitoring
will require coordination with other agencies.

Are adequate treatment, storage capacity, and
disposal services available?

Treatment, storage, and disposal are not applicable to this alternative.

Are the necessary equipment and specialists
available?

Yes, groundwater monitoring and access restrictions are well established
technologies.

s r————————
e ——

What additional equipment and specialists are
required and what are their potential impacts
to implementation?

None.
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IMPLEMENTABILITY

Are technoldgies under consideration generally
available and sufficiently demonstrated?

fz-19

ALTERNATIVE GW-2: INSTITUTIONAL CONTROLS/
CONTINUED CURRENT ACTIONS

Yes, groundwater monitoring and access restrictions are well established
technologies.

Wwill technol(!)gics require further development
before they can be applied at the site?

No.

Will more than one vendor be available to
k provide a competitive bid?

Yes, groundwater monitoring equipment and services are commercially
available.
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Draft A

Table 6-2 Detailed Analysis for GW-2, Institutional Controls/Continued
Current Actions Alternative (Page 11 of 11)

| COST COMPONENT

Operation and Maintenance? $1,000,000

Present Worth? $760,000
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OVERALL PROTECTION
OF HUMAN HEALTH
AND THE
ENVIRONMENT

ALTERNATIVE GW-3: CONTAINMENT

Will risk be at acceptable levels?

Human Health; Yes, current human health risk is low (incremental cancer risk 10 to
104, hazard quotient < 1) for both the frequent- and occasional-use scenarios, based
on the 100-BC-5 Operable Unit Qualitative Risk Assessment (QRA) (WHC 1993c)
and supplemental risk assessment (Appendix B).

Environment: Uncertain; currently existing conditions present low ecological risk
(<1 rad/day, U.S. Department of Energy (DOE) Order 5400.5) from radionuclides,
based on the 100-BC-5 Operable Unit QRA (WHC 1993c). Potential risks exist
because the concentrations of chromium and aluminum exceed the ambient water
quality criteria in the near-river wells. This risk as determined in the QRA is
conservative because no allowance has been made for natural attentuation of the
contaminants. No quantification of risk in the substrate has been made.

Timeframe to achieve acceptable
levels?

Although the risk to human health and the environment from the 100-BC-5 Operable
Unit is currently at acceptable levels, the timeframe to achieve the containment of the
strontium-90 plume is equivalent to the time required for implementation, i.e., the
implementation of the wall immediately prevents chromium behind the wall from
reaching the river. However, chromium located between the wall and the river will
not be obstructed from reaching the river. Procurement and construction time for
installation of the cutoff wall and hydraulic control wells is estimated to be
approximately one year. However, the time required to perform the necessary
administrative activities, prepare the remedial design, and obtain the necessary
permits and agreements to perform construction activities along the river is uncertain.
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OVERALL PROTECTION

OF HUMAN HEALTH
AND THE
ENVIRONMENT

Will additional threats be
minimized?

ALTERNATIVE GW-3: CONTAINMENT

Additional threats to workers resulting from implementation of this alternative will be
minimized by developing health and safety protocols defining training requirements,

safe work practices, and personal protection equipment, contamination control
measures, and decontamination procedures,

(ST Jo 7 3deq)

Additional threats to the environment resulting from implementation of this alternative
will be minimized by limiting habitat disturbances to the extent possible and
performing construction activities during seasons when threatened or endangered
species, such as the bald eagle, do not inhabil the area.
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COMPLIANCE WITH

ALTERATIVE GW-3: CONTAINMENT

ARAR
What are the potential applicable | See Table 6-5.
or relevant and appropriate
requirements (ARAR)?
Will the potential ARAR be met? | See Table 6-5.

How?

2¢-19

Basis for waivers?

Potential basis for ARAR waiver of Safe Drinking Water Act (SDWA) maximum
contaminant level (MCL) based on technical impracticability. The high adsorption and
low desorption characteristics of the strontium-90 in the aquifer sediments makes removal
of the strontium-90 difficult. Also, ability to treat to MCL is unknown.

(ST Jo € 33eq)

TBC listed above

What are the potential to-be- See Table 6-5. '
considered (TBC)?
Is the alternative consistent with | See Table 6-5.

SAIBLLIAYY JUSWIIEIUOY) ‘E-M D JO SISA[ERY PapER( €-9 Ll

Vv ¥eIQ
65-v6-TH/A0A

g

L
*



Pe-19

LONG-TERM ALTERATIVE GW-3: CONTAINMENT
EFFECTIVENESS AND
PERMANENCE
What is the magnitude of the Although the risk to human health and the environment from the 100-BC-5 Operable Unit
remaining risk? is currently at acceptable levels, groundwater modeling results indicate this alternative

can reduce the flow of contaminated groundwater into the Columbia River by 87%
compared to the no action alternative. This reduction was shown for both simulation
periods considered, 15 and 25 years. Contaminated groundwater contained by the cutoff
wall would not resuit in increased risk due to limited accessibility. After the period of
government control (year 2018) the 100 Area is intended for recreational use.
Concentrations of strontium-90 will decrease from radioactive decay during the period of
government control and recreational use of the 100 Area. The 130 pCi/L peak
concentration of strontium-90 will be reduced to the SDWA MCL of 42 pCi/L (proposed)
and 8 pCi/L (current) in approximately 49 years and 120 years, respectively.

(ST Jo p 93ed)

What remaining sources of risk The remaining source of risk is the strontium-90 contaminated groundwater contained by
can be identified? the cutoff wall at concentrations above the current 8 pCi/L and proposed 42 pCi/L
SDWA MCL. This risk is at acceptable levels. In addition, the contaminated
groundwater contained by the cutoff wall would not be readily accessible to the public or
the environment.
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LONG-TERM
EFFECTIVENESS AND
PERMANENCE

What is the likelihood that the
technologies will meet
performance needs?

ALTERATIVE GW-3: CONTAINMENT

The risk to human health and the environment from the 100-BC-5 Operable Unit is
currently at acceptable levels. However, the performance need is reduction of
strontium-90 entering the river. Groundwater modeling results indicate this alternative
can reduce the flow of contaminated groundwater into the Columbia River by 87%
compared to the no action alternative. However, the successful installation a cutoff wall
at the 100 B/C Area using deep soil mixing is uncertain. Although deep soil mixing is a
well developed technology, implementation difficulties due to the 45 m (150 ft) depth
requirement and the presence of boulders within the Hanford formation complicate
construction of the cutoff wall. Similarly, hydraulic control measures (extraction wells at
the ends of the mixed soil wall) enhance the effectiveness of the cutoff wali, but

significant fluctuations in the water table elevation near the river may create operational
difficulties.

What type and degree of
long-term management is
required?

Long-term management requirements for this alternative include monitoring and
maintenance of the containment system. Groundwater monitoring between the river and
the cutoff wall can be used to determine unacceptable leakage from the system.
Additional deep soil mixing columns can be installed where leakage is identified. The
duration of long-term management requirements may be defined by the SDWA MCL.
On this basis, strontium-90 will decay to the proposed 42 pCi/L and current 8 pCi/L
MCL in approximately 49 years and 120 years, respectively.

What are the requirements for
long-term monitoring?

Groundwater monitoring as well as cutoff wall integrity monitoring will be required to
assess the effectiveness of the containment system for as long as containment is required.
As described above, the duration of monitoring requirements may be defined on the basis
of strontium-90 decay to the concentrations of the SDWA MCL.

What operation and maintenance
(O&M) functions must be
performed?

Operating requirements are specific to monitoring activities. Maintenance of the

monitoring system as well as the components of the containment system will be required
on an as needed basis.
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LONG-TERM
EFFECTIVENESS AND
PERMANENCE

What difficulties may be
associated with long-term O&M?

ALTERATIVE GW-3: CONTAINMENT

Maintenance requirements to the cutoff wall may involve installation of additional deep
soil mixing columns. Similar to the initial installation requirements, boulders within the
Hanford formation would pose significant difficulties during maintenance of the wall.

What is the potential need for
replacement of technical
components?

Assuming proper installation of the cutoff wali, replacement will not likely be required
within the timeframe required for strontium-90 concentrations to decay to acceptable
levels (SDWA MCL). However, maintenance and repair requirements as described
above may be necessary on an as needed basis. Replacement of groundwater monitoring
wells and equipment may also be required on an as needed basis.

What is the magnitude of risk
should the remedial action need
replacement?

The magnitude of risk to workers and the environment during replacement of the cutoff
wall would be equivalent to the risk during initial installation. The risk to workers from
exposure to the contaminant is greatly reduced by the use of deep soil mixing techniques.
Migration of the strontium-90 plume during replacement will likely result in minimal
contamination release to the river.

What is the degree of confidence
that controls can adequately
handle potential problems?

Groundwater monitoring down-gradient from the wall can effectively determine potential
problems associated with the containment system. Maintenance or repair of the cutoff
wall would be difficult and involves installation of additional deep soil mixing columns.

How is the removed
contamination disposed of?

During normal operations no contaminated materials will be generated other than samples
from monitoring activities. The technologies specified for construction of the
containment system result in minimal contact with contamination. The pre-excavation for
removal of boulders from the Hanford formation is assumed to be conducted within
uncontaminated soils. Deep soil mixing will result in minimal contamination of
equipment. Installation of the hydraulic control wells will also result in minimal
contamination of equipment. Sonic drilling may be used to reduce the generation of
cuttings requiring disposal, Contaminated materials generated as a result of construction,
monitoring, or standard operations will be disposed at the Environmental Restoration
Disposal Facility (ERDF), W-025, or another site will be used if ERDF if unavailable.

=T
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REDUCTION OF
TOXICITY, MOBILITY,
OR VOLUME

ALTERATIVE GW-3: CONTAINMENT ' .

Does the treatment process address
the principal threats?

Although the risk to human health and the environment from the 100-BC-5 Operable
Unit is currently at acceptable levels, groundwater modeling results indicate the
containment alternative can reduce the flow rate of strontium-90 contaminated
groundwater entering the Columbia River up to 87% compared to the baseline (no
action).

for the treatment process?

The effectiveness of the cutoff wall requires key-in to a confining geologic formation
(aquitard) below the unconfined aquifer. This requires construction of the cutoff to a
depth of approximately 45 m (150 ft) below the surface. In addition, removal of
boulders within the Hanford formation is required prior to initiation of deep soil
mixing.

What portion of the contaminated
material is treated/destroyed?

3¢-19

The purpose of this alternative is containment, and therefore contamination is neither
treated nor destroyed. However, the strontium-90 will naturally radioactively decay.

\
To what extent is total mass of
toxic contaminants reduced?

(ST Jo L 38eyg)

Containment of the contaminant plume enables strontium-90 to decay without continued
migration into the Columbia River. However, due to the high adsorption rate and low
desorption rate of strontium-90 within the unconfined aquifer, the majority of
contamination would decay prior to migration into the Columbia River regardless of
any containment measures implemented.

To what extent is the mobility of
toxic contaminants reduced?

| Are there any special requireimems

The mobility of the strontium-90 plume is significantly reduced by the containment
alternative. The hydraulic conductivity of the cutoff wall (10 to 107 cm/sec) would be
several orders of magnitude less than the hydraulic conductivity of the unconfined
aquifer near the river (102 to 10 cm/sec). Based on an assumed hydraulic
conductivity of 10 cm/sec hydraulic conductivity for the cutoff wall, groundwater
modeling results indicate an 87% reduction in the flow rate of contaminated
groundwater into the river during the IRM period. Based on the retardation factor used
in the groundwater modeling (see Section 5.0), the unrestricted velocity of strontium-90
in the unconfined aquifer is 213 times less than that of the groundwater.
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REDUCTION OF
TOXICITY, MOBILITY,

OR VOLUME

To what extent is the volume of
; toxic contaminants reduced?

ALTERATIVE GW-3: CONTAINMENT

The volume of contamination is not reduced by containment. However, radioactive
decay during the period in which containment is maintained reduces the concentration
of strontium-90 in the groundwater. The haif-life of strontium-90 is approximately 30
years.

To what extent are the effects of
the treatment irreversible?

Isolation of strontium-90 contaminated groundwater by installation of a cutoff wall and
hydraulic control wells is not irreversible. Isolation is temporary and dependent on
maintaining the integrity of the containment system. Decay of the strontium-90 during
the period in which containment is maintained is irreversible.

What are the quantities of residuals
and characteristics of the residual
risks?

Although the risk to human health and the environment from the 100-BC-5 Operable
Unit is currently at acceptable levels, the contaminated groundwater isolated by the
containment system represents the residual risk associated with this alternative.

Radioactive decay will continually reduce the concentration of strontium-90 and the
corresponding risk.

What risk do treatment of residuals
pose?

Contaminated groundwater contained by the cutoff wall wili not be treated but is
allowed to attenuate by radioactive decay.

Is treatment used to reduce
inherent hazards posed by principal
threats at the site?

This alternative does not involve treatment, However, the inherent hazards associated
with strontium-90 are reduced by radioactive decay.
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SHORT-TERM
EFFECTIVENESS

| .
ALTERATIVE GW-3: CONTAINMENT
|

What are the risks to the

community during remedial actions

that must be addressed?

Construction of the cutoff wall will pose minimal risk to the surrounding communities.
Due to the remote location; of the 100-BC-§ Area, construction activities are not
expected to impact the surrounding community. The deep soil mixing technique
chosen for implementation of the cutoff wall will result in minimal contact with
contamination in the unconfined aquifer. The pre-excavation (to remove boulders) is

assumed to be conducted v\;rithin noncontaminated soil.

How will the risks to the
community be addressed and
mitigated?

Minimal risks to the community result from implementation of this alternative. Dust
control measures would be used as required to prevent airborne spread of
contamination. |

What risks remain to the
community that cannot be readily
controlled?

Potential risks to humans through contact with spring water with elevated chromium
concentrations.
!

What are the risks to the workers
that need to be addressed?

Since minimal contact contamination will result during implementation of this
alternative, physical hazards relating to conﬁstruction activities presents the primary risk
to workers, These physical hazards are associated with machinery operations,

handling and placement of field tools, and vehicle operations. Additional risks may be
associated with field work, such as slip, trip, fall, and heat stress. Although the deep
soil mixing tool will require decontamination after operation within the unconfined
aquifer, contaminated soil will not be brought to the surface. The containment
alternative has the greatest potential for impacts to the worker. Use of heavy
equipment and the physical size of the project result in a medium to high worker risk
from physical hazards. Exposure risks are. expected to be low.

What risks remain to the workers
that cannot be readily controlied?

None,

How will the risks to the workers
be addressed and mitigated?

Health risks to workers resulting from physical hazards associated with construction
activities will be minimized by development of health and safety protocols defining
training requirements, safe work practices, and personal protection equipment,
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SHORT-TERM
EFFECTIVENESS

What environmental impacts are
expected with the construction and
implementation of the alternative?

ALTERATIVE GW-3: CONTAINMENT

The environmental impacts associated with construction and implementation of this
alternative are primarily physical disturbances to habitat in the area of the 450 m
(1,500 ft) long cutoff wall. The pre-excavation will require space for slurry
preparation, material storage (bentonite, barite, water), spoils storage, and backfill

preparation (removal of cobbles and boulders from excavated spoils). No additional
disturbances will result from deep soil mixing operations. Although the 100 B/C Area
is a previously disturbed site, installation of the cutoff wall may result in temporary
impacts to endangered species such as the bald eagle. However, construction during
seasonal times when such species are not inhabiting the area will minimize potential
impacts. The barrier would be located in a potential wetland/floodplain zone.
Assessment of impacts would be required prior to implementation. Other threatened
and endangered species would need to be identified in the proposed zone of
construction. Impact would be minimized by proper placement design. Environmental
and cuitural surveys required prior to implementation,

What are the impacts that cannot be
avoided should the alternative be
implemented?

Environmental impacts resulting from construction of the cutoff wall cannot be
avoided. Physical disturbances to habitat will be temporary and limited to the general
area of the cutoff wali, which is approximately 450 m (1,500 ft} along the Columbia

River. No significant impacts such as disturbances to threatened or endangered species
are anticipated.
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SHORT-TERM
EFFECTIVENESS

How long until remedial action
objectives are achieved?

Ae-19

— = —

ALTERATIVE GW-3: CONTAINMENT

The remedial action objectives for protection of human health and the environment are
satisfied under the current conditions of the 100-BC-5 Operable Unit, based on the
QRA and supplemental risk assessment. However, this alternative may significantly
reduce the volume of strontium-90 contaminated groundwater entering the Columbia
River. This reduction will be achieved upon installation of the cutoff wall and
operation of the hydraulic control wells for the zone behind the wall. However,
contamination between the wall and the river wiil continue to migrate to the river. As
noted previously, procurement and installation of this containment system is estimated
to require approximately one year. However, the time required to obtain the required
permits and agreements to begin construction is unknown,
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IMPLEMENTABILITY

ALTERATIVE GW-3: CONTAINMENT

What difficulties and uncertainties

are associated with construction?

The two primary concerns associated with construction of the cutoff wall are
subsurface obstructions (the presence of boulders in the Hanford formation) and the
cutoff wall depth requirement. A pre-excavation is proposed to remove boulders from
the Hanford formation prior to implementation of deep soil mixing. The Hanford
formation comprises the vadose zone in the vicinity of the proposed location of the
cutoff wall, and therefore contact with contamination from the unconfined aquifer is
not required. However, slurry trench excavation is proposed for this activity as
opposed to conventional excavation, due to the physical constraints imposed by the
proximity of the Columbia River and past practice disposal sites (retention basins,
trenches, cribs). The trench developed during the pre-excavation can be backfilled
using the original soils removed (without boulders) such that deep soil mixing can be
performed.

The required depth of the cutoff wall is approximately 45 m (150 ft). This depth is
beyond the conventional use of deep soil mixing. However, equipment vendors
suggest the depth required at the 100-BC-5 Operable Unit is feasible. Treatability
testing may be required.

What is the likelihood that technical
problems wilt lead to schedule
delays?

Deep soil mixing techniques are well established. However, technical problems
associated with subsurface obstructions (boulders) or installation to the required 45 m
(150 ft) depth could lead to schedule delays. In the event these technical problems
cannot be overcome, the cutoff wall may not be implementable. Treatability testing of
the proposed technique can demonstrate the applicability of the method and identify
possible technical problems that may be encountered. The treatability testing would
aid in remedial design also.
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IMPLEMENTABILITY

What likely future remedial actions
are anticipated?

ALTERATIVE GW-3: CONTAINMENT

Assuming the cutoff wall can be successfully implemented, no future remedial actions
are likely. Radioactive decay of strontium-90 will eventually eliminate concern of
groundwater contamination at 100-BC-5. As noted previously, the peak concentration
of strontium-90 will decay to the proposed 42 pCi/L and current 8 pCi/LL SDWA MCL
in approximately 49 years and 120 years, respectively. These include pump and treat,
innovative in situ technologies, or other alternatives. Current activities are bieng
directed at defining true risks to the river and the future need for remedial actions.

What risks of exposure exist should
monitoring be insufficient to detect
failure?

The inability to detect failure of the containment system would result in the continued
strontium-90 release into the river. However, based on the 100-BC-5 Operable Unit
QRA (WHC 1993c) and supplemental risk assessment, present conditions do not pose
significant risk to human health or the environment. Therefore, failure of the
containment system would not be expected to result in additional risk to that currently
existing.

What activities are proposed which
require coordination with other
agencies?

None foreseeable. However, due to the proximity of the proposed cutoff wall and the
Columbia River, other agencies such as the U.S. Army Corps of Engineers, the
Washington State Department of Fish and Wildlife, and the National Park Service may
be involved during design and construction.

Are adequate treatment, storage
capacity, and disposal services
available?

Containment does not involve contact with contamination, and therefore does not
require treatment, storage, and disposal services. In the event contaminated material
is generated as a resuit of construction activities or decontamination requirements, it
would be disposed at ERDF.

Are the necessary equipment and
specialists available?

Yes, slurry excavation and deep soil mixing construction equipment and specialists are
commercially available. All other equipment and specialists required are available
with the Hanford Site contractors.

What additional equipment and
specialists are required and what are
their potential impacts to
implementation?

Slurry excavation and deep soil mixing specialists and equipment are required to
ensure proper installation of the cutoff wall.
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IMPLEMENTABILITY

| Are technologies under
| consideration generally available
! and sufficiently demonstrated?

ALTERATIVE GW-3: CONTAINMENT

Yes, slurry excavation and deep soil mixing techniques are available and sufficiently
demonstrated.

Will technologies require further
development before they can be

| applied at the site?

The proposed cutoff wall installation technique should be tested. A treatability test
can demonstrate the applicability of the method as well as identify potential technical
problems that may be encountered during construction in the 100 B/C Area.

| Will more than one vendor be

available to provide a competitive

[ bid?

Yes, slurry excavation and deep soil mixing technology is commercially available.
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Draft A
Table 6-3 Detailed Analysis of GW-3, Containment Alternative
(Page 15 of 15)
Capia? | $8000,000
Operation and Maintenance? $12,900,000
Present Worth? . $17,500,000
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OVERALL ALTERNATIVE GW-5
PROTECTION OF lon Exchange/Precipitation Treatment
HUMAN HEALTH AND
THE ENVIRONMENT

Will risk be at acceptable
levels?

Human Health: Yes, currently existing conditions
present low human health risk (incremental cancer risk
10* to 10*, hazard quotient < 1) for both the frequent-
and occasional-use scenarios, based on the 100-BC-5
Operable Unit Qualitative Risk Assessment (QRA)
(WHC 1993c) and the supplemental risk assessment.

Environment; Uncertain; currently existing conditions
present low ecological risk (<1 rad/day, U.S.
Department of Energy (DOE) Order 5400.5) from
radionuclides, based on the 100-BC-5 Operable Unit
QRA (WHC 1993c). Potential risks exist because the
concentrations of chromium and aluminum exceed the
ambient water quality criteria in the near-river wells.
This risk 1 as determined in the QRA is conservative
because no aliowance has been made for natural
attentuation of the contaminants, No quantification of
risk in the substrate has been made.

ALTERNATIVE GW-6
Reverse Osmosis Treatment

Same as Alternative GW-5.
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OVERALL
PROTECTION OF

i HUMAN HEALTH AND

THE ENVIRONMENT

| Timeframe to achieve
| acceptable levels?

ALTERNATIVE GW-5
Ion Exchange/Precipitation Treatment

Although the risk to human health and the environment
from the 100-BC-5 Operable Unit is currently at
acceptable levels, the 130 pCi/L peak concentration of
strontium-90 is above the current and proposed Safe
Drinking Water Act (SDWA) maximum contaminant
level (MCL). Groundwater modeling results indicate
pump-and-treat can reduce the flow of contaminated
groundwater into the Columbia River, but not the

concentration of strontium-90 in the unconfined aquifer.

During the periods simulated by groundwater modeling
(15 and 25 years), reductions in the concentration of
strontium-90 calculated for the pump-and-treat
alternatives are equivalent to the no action alternative.
This result suggests the high adsorption and low
desorption rates of strontium-9Q inhibit the
effectiveness of pump-and-treat to the point that natural
radioactive decay has the most significant effect on
reductions in the concentration of strontium-90 in the
unconfined aquifer. Therefore, the timeframe to
achieve the SDWA MCL is the same as no action.

ALTERNATIVE GW-6
Reverse Osmosis Treatment

Same as Alternative GW-5.
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OVERALL
PROTECTION OF

i HUMAN HEALTH AND
| THE ENVIRONMENT

i Will additional threats be
| minimized?

i-1L9

ALTERNATIVE GW-5
Ion Exchange/Precipitation Treatment

Additional threats posed by strontium-90 removed from
groundwater will be minimized by treatment and
disposal. Settling tank sludge and precipitation residues
will be solidified using cement and then disposed at
Environmental Restoration Disposal Facility (ERDF),
W-025, or another site. Ion exchange resin will be
dewatered followed by disposal at ERDF.

ALTERNATIVE GW-6
Reverse Osmosis Treatment

Additional threats posed by
strontium-90 removed from
groundwater will be minimized by
treatment and disposal. Settling tank
sludge and evaporator concentrates
will be solidified using cement and
then disposed at ERDF, W-025, or
another site.
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COMPLIANCE WITH
ARAR

ALTERNATIVE GW-5
Ion Exchange/Precipitation Treatment

What are the potential
applicable or relevant and
appropriate requirements
(ARAR)?

ALTERNATIVE GW-6
Reverse Osmosis Treatment

See Table 6-5.

Same as Alternative GW-5.

Will the potential ARAR
be met? How?

See Table 6-5.

Same as Alternative GW-5.

Basis for waivers?

Potential basis for ARAR waiver of SDWA MCL based
on technical impracticability. The high adsorption and
low desorption characteristics of the strontium-90 in the
aquifer sediments makes removal of the strontium-90
difficult. Also, ability to treat to MCL is unknown.
The Ambient Water Quality Criteria for chromium and
aluminum are exceeded in the near-river wells and
springs; however, they were below the criteria in the
river.

Same as Altemative GW-5.

What are the potential to-
be-considered (TBC)?

See Table 6-5.

Same as Alternative GW-5.

(07 Jo p 38vg) SAnEUIN|Y [BSodsiq pue

Is the alternative
consistent with TBC listed
above

See Table 6-5.

Same as Alternative GW-5.
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LONG-TERM
EFFECTIVENESS AND
PERMANENCE

ALTERNATIVE GW-5
Ion Exchange/Precipitation Treatment

ALTERNATIVE GW-6
Reverse Osmosis Treatment

| What is the magnitude of
i the remaining risk?

The risk to human health and the environment from the
100-BC-5 Operable Unit is currently at acceptable
levels. However, pump-and-treat will further reduce
the risk from the 100-BC-5 Operable Unit by lowering
the concentration of strontium-90 to the SDWA MCL,
8 pCi/L (current) or 42 pCi/L (proposed).

Same as Alternative GW-5,

19

{ What remaining sources of
risk can be identified?

The secondary wastes generated from the treatment
system are the remaining sources of risk. The primary
sources of secondary wastes generated by the treatment
process include settling tank sludge, precipitation
residues, and spent ion exchange resins. Based on
cement solidification of these wastes followed by
disposal at ERDF, the risk from secondary wastes is
considered minimal. Cement based solidification is
well developed and has been successfully demonstrated

on the types of secondary waste generated by this
alternative.

Same as Alternative GW-5, except
that the primary sources of secondary
wastes generated by the treatment
process include settling tank siudge,
permeate from the reverse osmosis
system, and filter cartridges.
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LONG-TERM
EFFECTIVENESS AND
PERMANENCE

What is the likelihood that
the technologies will meet
performance needs?

ALTERNATIVE GW-5
Ion Exchange/Precipitation Treatment

The ability of the treatment system to reduce
strontium-90 concentrations to the current or proposed
SDWA MCL (8 pCi/L and 42 pCi/L, respectively) is
uncertain. Results of the EQ3/6 computer model
indicate lime precipitation is highly effective and can
reduce the 130 pCi/L peak concentration in the
groundwater to below the current MCL. However,
full-scale operation of a 400 gpm precipitation system
may not achieve the same effectiveness. lon exchange
has been demonstrated to effectively remove high
concentrations of strontium-90 from groundwater
(Robinson et al. 1993), but not to SDWA MCL levels.

ALTERNATIVE GW-6
Reverse Osmosis Treatment

The ability of reverse osmosis to
reduce strontium-90 concentrations to
the current or proposed SDWA MCL
(8 pCi/L and 42 pCi/L, respectively)
is uncertain. Reverse osmosis has
been demonstrated to effectively
remove high concentrations of
strontium-90 from groundwater
(Garreft 1990), but not to SDWA
MCL levels.

What type and degree of
long-term management is
required?

Long-term management is required only through the
duration of the treatment period to operate and maintain
the removal, treatment, and disposal systems, satisfy
annual reporting requirements, and perform periodic
groundwater monitoring. Based on groundwater
modeling results, the duration of management required
is equivalent to the time required for strontium-90 to
decay to the SDWA MCL. Once treatment is no
longer necessary, no additional management will be
required at the site.

Same as Alternative GW-5.
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LONG-TERM
EFFECTIVENESS AND
PERMANENCE

What are the requirements
for long-term monitoring?

ALTERNATIVE GW-5
Ion Exchange/Precipitation Treatment

The current groundwater monitoring program will
continue through the duration of government control of
the site (year 2018). Beyond year 2018 (if necessary),
long-term monitoring requirements and responsibilities
will be determined by Washington State Department of
Ecology, U.S. Environmental Protection Agency
(EPA), and DOE.

ALTERNATIVE GW-6
Reverse Osmosis Treatment

Same as Alternative GW-5.

What operation and
maintenance (O&M)
functions must be
performed?

Q&M functions are required only during the IRM
period to ensure continuous treatment and monitoring.
Once pump-and-treat is no longer necessary
(compliance with SDWA MCL for strontium-90),
O&M functions will be no longer required.

Same as Alternative GW-5.

What difficulties may be
associated with long-term
O&M?

None foreseeable.

Same as Alternative GW-3.

What is the potential need
for replacement of
technical components?

Periodic replacement of treatment system components
{e.g., mixing tank, rotary drum filter, ion exchange
columns), materials (e.g., lime, sulfuric acid, ion
exchange resin), extraction weils, monitoring wells,
and associated anciilary equipment (e.g., pumps,
piping) will be required on an as needed basis.

Periodic replacement of treatment
system components (reverse osmosis
vessels, high pressure pump,
evaporation heater), materials
(membranes), extraction wells,
monitoring wells, and associated
ancillary equipment (pumps, piping)
will be required.

(&Jo L aﬁéd) S3AIBWIA) Y [esodsiq pue
“Juauieal], ‘jRAOUWIIY ‘9-A D PUE §-MA D JO SISAjeuy papteldq -9 2Aqe]

Vv yuqg
6S-v6-Td/40d



Ur-19

LONG-TERM
EFFECTIVENESS AND
PERMANENCE

risk should the remedial
action need replacement?

What is the magnitude of | The risk to human health and the environment from the

ALTERNATIVE GW-5
Ion Exchange/Precipitation Treatment

100-BC-5 Operable Unit is currently at acceptable
levels. However, in the event treatment is unavailable
for extended periods, untreated contaminated
groundwater could enter the river. The concentrations
and risk associated with this groundwater would be at
lower levels than at present because of radioactive
decay and because risk is based on maximum
concentrations. |

ALTERNATIVE GW-6
Reverse Osmosis Treatment

Same as Alternative GW-5.

What is the degree of
confidence that controls
can adequately handle
potential problems?

Potential problems associated with operation of the
treatment system include equipment failure, ieaks or
spills, and contaminant removal inefficiency. Control
measures can adequately protect human health and the
environment should such problems arise. The
treatment system will be equipped with automated
shut-down controls, secondary containment measures,
and effluent concentration monitoring.

I

Same as Alternative GW-5.

How is the removed
contamination disposed
of?

Spent ion exchange resins will be disposed following
dewatering. Other treatment residuals such as settling
tank sludge, solids from the regeneration loop, and
filtered precipitates will be solidified in cement. All
treatment residuals will be disposed on the Hanford Site
at ERDF, W-025, or another site.’

Contaminants removed by the reverse
osmosis system will be evaporated to
form a concentrate stream that can
then be solidified with cement,.
Solidified evaporator concentrates
(and other secondary wastes) will be
disposed on the Hanford Site at
ERDF, W-025, or another site,
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REDUCTION OF
TOXICITY, MOBILITY,
OR VOLUME

ALTERNATIVE GW-5
Ion Exchange/Precipitation Treatment

— s,

ALTERNATIVE GW-6
Reverse Osmosis Treatment

Does the treatment process
address the principal
threats?

Yes. Groundwater modeling results indicate the
extraction system can reduce the flow rate of
strontium-90 contaminated groundwater into the
Columbia River by 92% compared to the baseline (no
action). In addition, the precipitation and ion
exchange processes have been shown to be effective
treatment techniques for removal of strontium-90 from
groundwater. Due to the high adsorption rate for
strontium-90, removal from the aquifer may be
difficult.

Same as Alternative GW-5, except
that reverse osmosis has been shown
to be an effective treatment
technology for removal of
strontium-90 from groundwater.

Are there any special
requirements for the
treatment process?

Process monitoring and control capabilities are
essential to the effectiveness of the treatment system.
Control of the iime addition is essential to maximize
precipitation of the strontianite. The EQ3/6 model
indicates the pH must be maintained between 10.3 and
10.4 to minimize the solubility of strontianite. The
ion exchange process will require the pH of the
precipitation process effluent to be reduced by
addition of a reducing reagent such as sulfuric acid.
The ion exchange process will also require a filtration
pretreatment to remove suspended solids that may be
present in the effluent from the precipitation process.
Such suspended solids could result in plugging or
fouling of the ion exchange columns. Monitoring
strontium-90 concentrations, pH, and other
constituents (such as sulfate added in the form of
sulfuric acid) in the treatment system effluent is
required to ensure acceptable levels prior to disposal.

Process monitoring and control
capabilities are essential to the
effectiveness of the treatment system,
Pretreatment such as pH adjustment
and a crystallization inhibitor will be
required to maximize effectiveness of
the reverse osmosis process. The
evaporation process is required to
minimize the volume of secondary
waste generated.
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REDUCTION OF
TOXICITY, MOBILITY,
OR VOLUME

{ What portion of the
| contaminated material is
| treated/destroyed?

o)
S|
&

ALTERNATIVE GW-5
fon Exchange/Precipitation Treatment

The majority of contamination is adsorbed onto the
formation comprising the unconfined aquifer, due to
the high adsorption rate associated with strontium-90.
Based on comparisons between the groundwater
modeling results obtained for the pump-and-treat
alternatives and no action, radioactive decay has the
most significant effect on the reduction of
strontium-90 concentrations in the groundwater.
Therefore, the portion of contaminated material
treated is difficult to define. However, the
groundwater modeling results do indicate the
pump-and-treat alternatives can reduce the flow rate
of contaminated groundwater into the Columbia River
by 92% compared to the baseline.

ALTERNATIVE GW-6
Reverse Osmosis Treatment

Same as Alternative GW-5.

To what extent is total mass
of toxic contaminants
reduced?

Groundwater modeling indicates the pump-and-treat
aiternatives can reduce the flow rate of contaminated
groundwater entering the Columbia River by
approximately 92% compared to the baseline (no
action). The capability of the treatment system to
reduce the concentration of strontium-90 to the
SDWA MCL is uncertain and will require treatability
studies to verify. However, due to the high
adsorption rate of strontium-90 within the unconfined
aquifer, radioactive decay is the primary effect on
contaminant concentration reduction in the
groundwater.

Same as Alternative GW-5.
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REDUCTION OF
TOXICITY, MOBILITY,
OR VOLUME

To what extent is the
mobility of toxic
contaminants reduced?

ALTERNATIVE GW-5
Ion Exchange/Precipitation Treatment

Groundwater modeling resuits indicate the flow rate
of strontium-90 contaminated groundwater into the
Columbia River is reduced by 92% compared to the
baseline (no action). The mobility of strontium-90
removed from the groundwater by treatment is
minimized by subsequent disposal at ERDF.
Liquid-type secondary wastes generated during
treatment are solidified in cement prior to disposal at
ERDF, Based on retardation factor used in the
groundwater modeling (see Section 5.0), the travel
time for strontium-90 to reach the river is 213 times
greater than that of the groundwater.

ALTERNATIVE GW-6
Reverse Osmosis Treatment

Same as Altemative GW-5.

To what extent is the
volume of toxic
contaminants reduced?

Based on the high adsorption rate associated with
strontium-90 in the unconfined aquifer, the volume of
contaminated groundwater is not significantly reduced
by pump-and-treat. As contaminated groundwater is
removed from the aquifer, desorption of strontium-90
into previously uncontaminated groundwater occurs.
The rate of extraction is not sufficient to remediate
the aquifer prior to the natural radioactive decay of
strontium-90.

Same as Alternative GW-5.
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To what extent are the
effects of the treatment
irreversible?

Removal of strontium-90 by chemical precipitation,
ion exchange, and solidification is considered
irreversible.

Removal of strontium-90 by reverse
osmosis, evaporation, and
solidification ts considered
irreversible.
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REDUCTION OF
TOXICITY, MOBILITY,
OR VOLUME

| What are the quantities of
| residuals and characteristics
| of the residual risks?

ALTERNATIVE GW-5
lIon Exchange/Precipitation Treatment

Spent ion exchange resin will be generated when
breakthrough is detected in the ion exchange system.
Preliminary estimates indicate that 180 cu ft of spent
resin and 5,733 cu ft of resing regeneration solids will
be produced each year of operation. The volume of
spent ion exchange resin generated will be dependent
on the treatment system design and strontium-90
concentration in the feed stream. The EQ3/6 model
predicted 33 pounds of precipitant is generated per
hour, based on the 400 gpm extraction rate. The
volume of precipitant formed is dependent on the
concentration of strontium-90 in the feed stream.
Solidification in cement is assumed to result in a 2 to
1 volume increase. Treatability studies wili be
required to determine precise quantities of treatment
residuals generated.

ALTERNATIVE GW-6
Reverse Osmosis Treatment

Reverse osmosis will reduce the
volume of strontium-90 contaminated
groundwater by approximately S to 1
(Garrett 1993). The evaporator will
result in additional volume reductions
based on approximately 50% solids
concentration. Concentrate from the
evaporator will be solidified in
cement which will result in a volume
increase of approximately 2 to 1.
Treatability studies will be required
10 determine precise volumes of
treatment residuals generated.

What risks do treatment of
residuals pose?

All secondary waste generated will be classified as
low level waste (LLW). Spent resins will be
dewatered and then disposed without additional
treatment. Cement solidification of liquid-type,
radioactive waste forms (such as precipitation residues
and settling tank sludge and resin regeneration solids)
is well developed. The risk from treatment of
secondary waste is therefore considered minimal.

All secondary waste generated will be
classified as LLW. Solid waste such
as filter cartridges will be disposed
without additional treatment. Cement

- solidification of liquid-type,

radioactive waste forms (such as
evaporator concentrates and settling
tank sludge) is well developed. The
risk from treatment of secondary
waste is therefore considered
minimal.
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REDUCTION OF
TOXICITY, MOBILITY,
OR VOLUME

Is treatment used to reduce
inherent hazards posed by
principal threats at the site?

ALTERNATIVE GW-5
Ion Exchange/Precipitation Treatment

Yes. strontium-90 removal from 100-BC-5
groundwater will reduce the threat posed by
strontium-90 migration into the river. Treatment
residuals will pose minimal risk to humnan health and
the environment based on disposal at an approved
facility. Although solid-type secondary waste forms
may be disposed without additional treatment, cement
solidification will be used for liquid-type treatment
residuals.

ALTERNATIVE GW-6
.everse Osmosis Treatment

Same as Alternative GW-S.
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SHORT-TERM
EFFECTIVENESS

ALTERNATIVE GW-6

What are the risks to the community
during remedial actions that must be
addressed?

Same as Altermative GW-5,

How will the risks to the community
be addressed and mitigated?

Same as Alternative GW-5.

| What risks remain to the community

ALTERNATIVE GW-5
Removal, Treatment, Disposal
None.
Not applicable.
None.

Same as Alternative GW-5.

I What are the risks to the workers
§ that need to be addressed?

Risks to workers are associated with handling
treatment residuals, operation and maintenance
of treatment process equipment, and
groundwater monitoring. The risks to workers
associated with groundwater extraction and
handling is considered to be low.

Same as Alternative GW-5,

| What risks remain to the workers
| that cannot be readily controlled?

None.

Same as Alternative GW-5.

How will the risks to the workers be
| addressed and mitigated?

Standard operating procedures will be establish
to define proper treatment system operating
parameters and maintenance requirements.
Health and safety plans wiil establish training
requirements, identify personal protection
equipment needs, specify treatment residual
handling procedures, and define general safe
work practices.

Same as Alternative GW-5.
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SHORT-TERM
EFFECTIVENESS

ALTERNATIVE GW-5

What environmental impacts are
| expected with the construction and
| implementation of the alternative?

The primary impact to the environment from
construction and implementation of the
pump-and-treat alternatives will be physical
disturbances of habitat near the Columbia
River which may potentially be inhabited by
threatened or endangered species (such as the
bald eagle). Construction and installation of
the treatment system, extraction wells, and
associated plumbing will be limited to an area
approximate 450 m (1,500 ft) in length along
the river. The proposed location of the
extraction wells and treatment system will be
within previously disturbed locations of the
100 B/C Area.

ALTERNATIVE GW-6

Same as Alternative GW-5.

What are the impacts that cannot be
avoided should the alternative be
implemented?

Physical disturbances to habitat resulting from
construction and implementation are
unavoidable. However, environmental impacts
can be minimized by prefabricating
components of the pump-and-treat system to
the extent possible. In addition, construction
activities can be conducted during seasonal
times when endangered species such as the
bald eagle are not present in the area.

Same as Alternative GW-5§,
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SHORT-TERM

| How long until remedial action
| objectives are achieved?

ALTERNATIVE GW-5
Removal, Treatment, Disposal

The remedial action objective for protection of
human health and the environment are satisfied
under the current conditions of the 100-BC-5
Operable Unit, based on the QRA (WHC
1993c) and supplemental risk assessment. The
time required to reduce the flow rate of
contaminated groundwater into the Columbia
River is equivalent to the time required for
start-up of the pump-and-treat system. The
time required to achieve aquifer restoration by
pump-and-treat is based on the established
cleanup levels and desorption kinetics of
strontium-90 from the aquifer formation into
the groundwater. Groundwater modeling
results indicate that radioactive decay has a
more significant effect on the reduction of
strontium-90 concentrations in the unconfined
aquifer than does pump-and-treat. On the
basis of radioactive decay, the 130 pCi/g peak
concentration of strontium-90 in the
unconfined aquifer will be reduced to the
SDWA MCL of 8 pCi/L (current) and

42 pCi/L (proposed) after approximately 120
years or 49 years, respectively.

——

ALTERNATIVE GW-6

Same as Alternative GW-5.
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IMPLEMENTABILITY

ALTERNATIVE GW-5
Removal, Treatment, Disposal

ALTERNATIVE GW-6

What difficulties and
uncertainties are associated with
construction?

None. Construction of extraction wells and

precipitation/ion exchange treatment systems is
well developed technology.

= —

Same as Alternative GW-S,

What is the likelihood that
technical problems will lead to
schedule delays?

Since chemical precipitation, ion exchange, and
groundwater extraction are well developed
technologies, technical problems are not likely to
cause schedule delays. However, failure of the
pump-and-treat system to achieve performance
objectives (effluent strontium-90. concentrations)
could result in schedule delays.

Since reverse osmosis, evaporation,
and groundwater extraction are well
developed technologies, technical
problems are not likely to cause
schedule delays. However, failure
of the pump-and-treat system to
achieve performance objectives
(effluent strontium-90
concentrations) could result in
schedule delays.

What likely future remedial
actions are anticipated?

Once aquifer restoration is achieved, no additional
remedial actions will be necessary.

Same as Alternative GW-5.

What risks of exposure exist
should monitoring be
insufficient to detect failure?

Monitoring failure could lead to prematurely
ending treatment operations. The resulting risk
would depend on the extent of treatment up to that
point in time. This risk could be no greater than
the baseline conditions identified in the limited
field investigation QRA.

Same as Alternative GW-35.
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IMPLEMENTABILITY

r..—_____——_—_

| What activities are proposed
| which require coordination with

I other agencies?

ALTERNATIVE GW-5
Removal, Treatment, Disposal

Discharge of treated groundwater into the
Columbia river or reinjection into the aquifer will
require coordination with other agencies such as
U.S. Environmental Protection Agency (EPA),
Washington State Department of Ecology, U.S.
Army Corps of Engineers, National Parks
Department, and the Washington State Department
of Fish and Wildlife.

ALTERNATIVE GW-6

Same as Alternative GW-5.

Are adequate treatment, storage
capacity, and disposal services
available?

Chemical precipitation and ion exchange
technologies are commercially available. Disposal
services will be available within the Hanford Site at
ERDF.

Reverse osmosis and evaporation
technologies are commercially
available. Disposal services will be
available within the Hanford Site at
ERDF.

|

‘; Are the necessary equipment
| and specialists available?

|

|

Yes. Chemical precipitation and ion exchange
technology and specialists are available within the
DQOE and private industry.

Yes. Reverse osmosis and
evaporation technology and
specialists are available within the
DOE and private industry.

| What additional equipment and
specialists are required and what
are their potential impacts to
implementation?

None.

Same as Alternative GW-5.
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Are technologies under
consideration generally available
and sufficiently demonstrated?

Yes. Chemical precipitation and ion exchange are
well developed technologies that have been used
extensively for treatment of liquid radioactive
wastes. Groundwater extraction and monitoring
are also established technologies.

Same as Alternative GW-5,
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l IMPLEMENTABILITY

Will technologies require
further development before they
can be applied at the site?

ALTERNATIVE GW-5
Removal, Treatment, Disposal

Results of the EQ3/6 model indicate precipitation
of strontium-90 by lime addition is highly
effective. However, treatability testing is required
to demonstrate full-scale operation. lon exchange
has been shown to effectively reduce high
concentrations of strontium-90 in groundwater
(Robinson et al. 1993). However, treatability tests
are required to demonstrate effectiveness for the
low concentrations of strontium-90 present in
100-BC-5 groundwater.

ALTERNATIVE GW-6

Reverse Osmosis has been shown to
effectively reduce high
concentrations of strontium-90 in the
groundwater (Garrett 1990).
However, treatability tests will be
required to demonstrate

effectiveness for the low
concentrations existing in 100-BC-5
groundwater.

Will more than one vendor be
available to provide a
competitive bid?

Yes.

Same as Alternative GW-5.
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DOE/RL-94-59
Draft A

E Table 6-4 Detailed Analysis of GW-5 and GW-6, Removal, Treatment,
and Disposal Alternatives (Page 20 of 20)

Capital? $1,850,000 $4,900,000
Operation and Maintenance? $12,500,000 $25,300,000
Present Worth? $11,100,000 $23,600,000
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DOE/RL-94-59
Draft A

Table 6-5 Compliance with ARAR and TBC (Page 1 of 6)

monitoring, and
closure
requirements for
injection wells

ARAR ALTERNATIVE | REQUIREMENT HOW ARE REQUIREMENTS
AFFECTED MET?
40 CFR 191.03 All <25 mrem whole | Limited exposure; personal
body; <75 mrem | protective equipment; health and
critical organ safety training and monitoring
l 10 CFR 21.101-105 | Al Sets radiation Limited exposure; personal
doses, levels, and | protective equipment; health and
concentrations safety training and monitoring
40 CFR 14} GW-3, GW-§, Strontium-90 - 8 Discharges after treatment will
GW-6 pCi/L likely meet the ARAR (some
uncertainty exists); concentrations
at near river wells will remain
above ARAR for lifecycle of IRM;
however, mixing of the
groundwater with the river will
limit impacts
40 CFR 122 GW-3, GW-5, Sets discharge No treated water will be discharge
GW-6 limits to surface to the river which exceeds drinking
waters water standards or ambient water
quality criteria
40 CFR 110 GW-3, GW-§, Prohibits discharge | Runoff control will be implemented
GW-6 of oil above water | during all activities. All tanks will
quality standards be bermed.
or that causes a
sheen on water
surface
40 CFR 144 GW-3, GW-5, Prohibits injections | No current use of groundwater as
GW-6 that allows residential drinking water.
movement of Treatment will likely meet drinking
contaminated fluid | water standards for all constituents
into underground except tritium; currently, no
sources of feasible treatments exist for tritium
drinking water if so there is a basis for ARAR
they would violate | waiver under technical
40 CFR 142 or impracticability.
adversely affect
human health
40 CFR 146 GW-3, GW.5, Establishes siting, All injection wells will be in
GW-6 construction, compliance with reguirements.
operating,
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Draft A

L ™)

Table 6-5 Compliance with ARAR and TBC (Page 2 of 6)

oo o ——
ARAR ALTERNATIVE | REQUIREMENT HOW ARE REQUIREMENTS
AFFECTED MET?
40 CFR 261 GW-3, GW-§, Chromjum is a Chromium will be treated as a
GW-6 hazardous waste hazardous waste.
40 CFR 262.34 GW-3, GW-§5, Allows Wastes will not be stored on site
GW-6 accumulation of longer than 90 days.
hazardous waste
for 90 days or less
without a permit
40 CFR 268 GW-3, GW-§, Prohibits All solid wastes will be treated
GW-6 placement of prior to disposal
RCRA wastes in
landfill unless
treated.
40 CFR 50.12 GW-3, GW-5, <50 pg/m?® annual | Excavation and drilling activities
GW-6 average will use dust control measures as
concentration of required, No other particulate
particulate emissions are anticipated from the
emissions or 150 treatment systems.
pg/m’ per 24-hr
e period
16 U.S.C. 469 GW-3, GW-5, Requires recovery | Two archaeological sites and an
GW-6 or preservation of | artifact were identified in the 100
artifacts B/C Area. Consideration of these
sites would be given in placing a
vertical barrier in this area.
Additional testing of these sites may
be required. Impacts from
extraction wells could be minimized
by proper placement.
50 CFR 17, 222, GW-3, GW-5, Actions must not Fish and Wildlife Service will be
225, 226, 227, 402, | GW-6 threaten the consuited prior to actions
424 continued
existence of a
listed species or
destroy critical
habitat
16 U.S.C. 461 All Requirements for See 16 U.S.C. 469
preservation of
historic sites,
buildings, or
objects of national
significance.
Undesirable
impacts must be
mitigated.
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Draft A

Table 6-5 Compliance with ARAR and TBC (Page 3 of 6)

ARAR ALTERNATIVE | REQUIREMENT HOW ARE REQUIREMENTS
AFFECTED MET?
16 U.S.C. 470 et All Prohibits impacts See 16 U.S.C 469
seq. and requires
mitigation for
unavoidable
impacts on cultural
resources
40 CFR 257.3-1 GW-3, GW-5, Prohibits facilities Vertical barrier may have some
GW-6 or practices from impact on local ground and surface
restricting flow of | water flow. However, the wall is
base flood, relatively short and should not
reducing impact the base flood. Other
temporary storage | alternatives do not significantly
capacity of impact floodplain.
floodplain, or
causing washout of
solid waste
40 CFR 257.3-2 GW-3, GW-5, Prohibits facilities | Activities will be scheduled to
GW-6 or practices from avoid impacts to eagles. Runoff
causing or control will be empioyed to prevent
contributing to the | construction contaminants from
taking of impacting river biota; minimal
endangered or impacts would be attributable to the
threatened species pump and treat alternative; the
vertical barrier would disturb an
area near the river for
implementation. This area would
be restored after implementation.
16 U.s.C. 1271 All Prohibits federal Impacts from the pumping system
agencies from would be minimal. The vertical
recommending barrier would present a short
authorization of duration impact to visual resources;
water resource however, after implementation the
projects that would | site would be restored to provide
have a direct and the visual aesthetics
adverse affect on
the qualities of the
wild and scenic
river
WAC 173-201A-030 | GW-3, GW-5, Sets limits for No temperature impacts are
GW-6 temperature and associated with the alternatives. No
pH for surface waters with unacceptable pH will be
walers discharged to the river
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- Table 6-5 Compliance with ARAR and TBC (Page 4 of 6)

l#

ARAR

ALTERNATIVE
AFFECTED

REQUIREMENT

HOW ARE REQUIREMENTS
MET?

WAC 173-201A-040

GW-3, GW-3,
GW-6

Chromium - 11
ug/L chronic

Not met in the near river wells
during the IRM; currently met in
the river. The substrate has not
been characterized so it is uncertain
whether the criteria are met for this
zone

WAC 246-221-010

18.75 rem/quarter
for hands, wrists,
ankles, and feet
and 7.5
rem/quarter for
skin

Only dealing with low levels of
radioactive contaminants, use of
personal protective equipment,
personnel monitoring, and health
and safety plan and training

WAC 232-12-292

All

Requires

‘| protéction of bald

eagle habitat

- avoid impacts to the eagles during

All activities will be scheduled to

nesting; remedial actions will not
resuit in destruction of eagle nesting
habitat. i

WAC 232-12-297

Prescribes actions
to protect wildlife
defined as
endangered or
threatened

Activities will be scheduled to
avoid impacts to eagles. Runoff
control will be employed to prevent
construction contaminants from
impacting river biota; minimal
impacts would be attributable to the
pump and treat alternative; the
vertical barrier would disturb an
area near the river for
implementation. This area would
be restored after implementation.

WAC 173-400-040

GW-3, GW-5,
GW-6

Requires
reasonable
precautions to
minimize fugitive
dust emissions;
requires good
practices 1o control
odors

Dust control measures will be used
as required; odors should not be a
problem for the proposed
altermatives.

WAC 173-340-400

Ensures that
cleanup actions are
performed in
accordance with
cleanup plan

Regulatory agencies have input into
feasibility studies and proposed
plans
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Draft A

B Table 6-5 Compliance with ARAR and TBC (Page 5 of 6)
w

ARAR ALTERNATIVE | REQUIREMENT HOW ARE REQUIREMENTS
AFFECTED MET?
WAC 173-340-440 All Requires physical Fences and signs will be installed

measures to limit
interference with
cleanup

around active remedial projects

(proposed at 56 FR
July 18, 1991)

radionuclides
{pCi/L):
strontium-90 - 42

“RCW S0.44 - GW-3, GW.5, Sats requirements Requirements will be met for
GW-6 for withdrawal of extraction wells
state groundwater
WAC 173-304-200 GW-3, GW-5, Sets requirements Any solid waste generated on site
GW-6 for containers and | as a result of remedial action will
vehicles to be used | be handled according to
on site to store or | requirements
transport solid
waste
WAC 173-218 GW-3, GW-5, Establishes Injection wells will be constructed
GW-6 permitting and operated in accordance with
requirements for substantive requirements of the
injection wells regulation
WAC 173-160 GW-3, GW-5, Establishes All wells will be installed,
GW-6 minimum operated, and closed according to
standards for wells | requirements
TBC
Benton-Franklin- GW-3, GW-§, Not more than 3 Limited potential for emissions,
Walla Walla GW-6 min/hr when dust control will be provided when
Counties Air emissions exceed necessary
Pollution Control 20% opacity
Authority General
Regulation 80-7,
Section 400-040
Section 400-060 GW-3, GW-5, Prohibits emissions
GW-6 > 0.10 grain per
ft
40 CFR 141 All Proposed MCL for | Radionuclide contaminant are which

are removed through pumping can
be removed with IX or RO
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DOE/RL-94-59

Draft A

¢ &5 Compliance with ARAR and TBC (Page 6 of 6)

ARAR = applicable or relevant and appropriate requirements
JRM = interim remedial measure
CERCLA = Comprehensive Environmental Response, Compensation, and Liability Act
ERDF = Environmental Restoration Disposal Facility
CAMU = corrective action management unit

RCRA = Resource Conservation and Recovery Act

6T-5f

ARAR ALTERNATIVE | REQUIREMENT HOW ARE REQUIREMENTS
AFFECTED MET?
DOE 5400.5 All Limits effective Radionuclide concentrations are
dose to 100 below these levels.
mrem/yr. Derived
concentration
guides for
radionuclides in
water are ():
strontium-90 -
1.0E+03
10 CFR 1022 GW-3, GW-5, Requires federal Only temporary effects associated
GW-6 agencies to avoid with vertical barrier installation.
adverse effects The wall will be below land
associated with surface; land above the wall altered
development of during installation can be restored.
floodplains
Executive Order All Provides direction | Several sites may be impacted by
11593 to federal agencies | implementation of vertical barrier,
to preserve, Impacts can be minimized by
restore, and careful selection of barrier location
maintain cultural and consultation with archaeologists
resources prior to and during installation.
P.L. 100-605 All Requires Impacts from barrier installation
minimization of will be relatively short term;
direct and adverse | disturbed areas can be restored after
effects on the installation.
values for which a
river is under
study.
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- 7.0 QUALITATIVE SENSITIVITY ANALYSIS

The sensitivities associated with the key assumptions for the FFS are presented
qualitatively in Table 7-1. This table identifies each key assumption and the impacts that the
assumption has on the direction of the FFS and on the associated costs. Additional
discussions on uncertainties and sensitivities is included in Section 4.0 and in Appendix C.
The details of the cost assumptions used in defining alternative costs are included in the
detailed cost model printouts in Appendix E.
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“ ASSUMPTION

IMPACT

The purpose of the IRM is to address
an identified threat to human health or
the environment

The LFI recommended that the operable unit remain on the IRM
pathway based on the QRA ecological risk estimation. The
ecological risk assessment used concentrations in the near-river
wells to determine the EHQ. This resulted in very conservative
estimate of risks. If the ecological risk is sufficiently
overestimated then the need for remedial action may be artificial.
If the risk estimation is underestimated, then additional RAO may
be required along with corresponding changes in alternative design.
The overestimation of risk results in overexpenditure for potentially
unnecessary remedial actions. This overexpenditure would be
equivalent to the cost of the remedial action selected for
implementation,

The objectives the FFS are to protect
the Columbia River and to abate offsite
migration of contaminants.

The costs developed in the FFS are based on this assumption. If
the objectives were to clean up the aquifer and reduce the mass of
contaminant then the remedial systems would have to be redesigned
or potentially eliminated in the case of the vertical barrier. The
barrier does not perform well in the long term with a persistent
mobile contaminant. The wall will hold up the contaminants in the
short term, but the contamination will eventually travel around the
wall 1o the river. 1f mass reduction is the objective, then the well
number, placement, and pumping rates would have to be adjusted
to meet the objective. The costs for pump and treat are mainly
influenced by well installation costs and pumping rate. The mass
reduction scenario would likely require more wells than currently
proposed and increased pumping rates. This scenario would
probably result in significant increases to both the pump and treat
options.
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To meet the objectives, the alternatives

are aimed at containment and control.of
contaminant plumes. (The alternatives

are not designed for mass reduction or

“ aquifer cleanup.)

The same sensitivities apply to this assumption as to the previous
assumption.

The occasional-use scenario is assumed
for the operable unit.

This assumption does not include drinking water wells. The
frequent-use scenario does include drinking water wells and would
have an effect on RAO and objectives for the IRM. The frequent-
use scenario results in the identification of additional COC for
human health. The treatment processes for the pump and treat
scenarios would have to be modified to address these additional
COC and the objectives of the IRM would be modifted to include
both protection of the river and mass reduction. Alternate water
supplies could be considered. The technical practicability of
achieving these RAO through pump and treat is uncertain.
Additional testing may be required to determine aquifer response
and surface treatment. The cost of the alternatives would increase
somewhat to account for system changes. Additional costs would
be incurred determining aguifer response and for system
modification to address RAQO.

The lifecycle for the FFS is assumed to
be to 2008

The present worth calculations are tied to this imeframe. The
capital costs, O&M costs, and present worths for each year can be
seen on the present worth tables presented in Appendix E. Costs
associated with years past 2008 can be extrapolated from the
tables.
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The 100 Area Feasibility Study Phases
1 & 2 (DOE-RL 1994a) forms the basis
for the alternatives evaluated in the
FFS. Additional alternatives or
deviations from the alternatives are only
considered when the defined alternative
does not meet the operable unit
specifics. The Comprehensive
Environmental Response,
Compensation, and Liability Act

-(CERCLA) does, however, allow the

flexibility of specifying different
process options at any point in the
remedial investigation/feasibility study
process if warranted by site
circumstances.

The sensitivities to this assumption are small because most of the
emerging technologies are not yet implementable in field
applications. Research and development activities are proceeding
and could lead to significant cost savings to the remedial actions if
these innovative technologies become field ready. The
technologies can be integrated into the IRM program as data and
new techniques become available.

ERDF has sufficient space for operable
unit waste and is available to meet
schedule

The disposal costs for the pump and treat options tend to be major
cost drivers. The disposal cost used in the FFS is $70/yd®. At the
current stage of design for the ERDF, this cost is still uncertain.
To provide an estimate of the sensitivity of this cost, $700/yd® and
$7,000/yd* were input into the cost models. Based on analysis of
disposal costs associated with an ion exchange or reverse osmosis
system (400 gpm), at $700/yd’, disposal costs increase by +14%
resulting in an increase in total project cost of +1%. At a disposai
cost of $7000/yd?, disposal costs increase by +126% resulting in
an increase in total project cost of +6%. The total project costs
for the vertical barrier are not significantly affected by disposal
costs, The cost drivers for the barrier are the length and width of
the wall. Uncertainties in hydrogeologic parameters are reflected
in the vertical barrier alternative.
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) 8.0 COMPARATIVE ANALYSIS

The comparative analysis evaluates the relative effectiveness of the alternatives for
each of the CERCLA criteria. The comparative analysis is summarized in Figure 8-1 and
discussed in the following sections.

8.1 OVERALL PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT

Results of the 100-BC-5 Operable Unit QRA indicate that strontium-90 presents low
risk to human health (ICR 10 to 10#, HQ <1} and the environment (<1 rad/day, DOE
Order 5400.5), based on currently existing conditions (DOE-RL 1993b). Therefore,
long-term (after the period of remedial action) protection of human health and the
environment can be achieved by each alternative. Although strontium-9Q is a low risk to
human health and the environment, the primary MCL for strontium-90 and ecological ARAR
for chromium and aluminum are exceeded in the near-river wells. Short-term (during the
period of remedial action) protection of human health and the environment is dependent on
the risks associated with implementation of each alternative. The no action and institutional
controls alternatives only involve contact with or exposure to strontium-90 contaminated
groundwater during monitoring and sampling activities, whereas, the containment alternative
requires intrusion into the contaminant plume and the pump-and-treat alternatives requires
management of secondary waste generated during treatment,

Groundwater concentrations are currently within the 10* risk level for radionuclides.
Groundwater modeling results indicate that radioactive decay has the most significant effect
on reducing the concentration of strontium-90 in the groundwater to the current 8 pCi/L or
proposed 42 pCi/L SDWA MCL, regardless of the remedial action implemented. However,
groundwater modeling results also indicate the containment alternative and the
pump-and-treat alternatives reduce the flow rate of contaminated groundwater into the
Columbia River, compared to the baseline (no action) thereby limiting the strontium-90 being
transported to the river in the groundwater.

8.2 COMPLIANCE WITH ARAR

None of the alternatives can currently satisfy the SDWA MCL in the unconfined
aquifer, based on the current 8 pCi/L for strontium-90; however, through natural radioactive
decay, the concentration in the aquifer will eventually reach the MCL. Although the MCL is
currently under review and may be changed to a proposed level of 42 pCi/L, the alternatives
would still be unable to achieve the concentration in the unconfined aquifer in the short term.
Groundwater modeling results show that the adsorption and desorption characteristics of
strontium-90 sufficiently retards the movement of this contaminant in the unconfined aquifer
to the point radioactive decay may be the only feasible means of reducing the concentration.
Therefore, an ARAR waiver can be formed on the basis of technical impracticability of
strontium-90 removal from the unconfined aquifer. The regulation is generally applicable to
drinking water sources; because the 100-BC-5 groundwater discharges to the Columbia
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River, a drinking water source, the regulation can be considered relevant and appropriate,
especially for potential receptors at the springs and seeps. It should be noted, however, that
the MCL is based on residential use. The concentration of strontium-90 in the river is below
the MCL..

The chronic Ambient Water Quality Criteria for chromium is 11 ug/L; the chronic
criteria for aluminum is 146.7 ug/L. Both these criteria are slightly exceeded in the operabie
unit in both the springs and the near-river wells. The ecological risk determined in the QRA
did not account for mixing or dilution of contaminants prior to reaching the receptor. This
may have resulted in an overestimation of the real risk. Additional activities currently
underway in the 100 Area will provide information to better determine risk to ecological

receptors.

8.3 LONG-TERM EFFECTIVENESS

Long-term effectiveness for protection of human heaith and the environment is

~ ensured by each aiternative, based on the low risk currently associated with the 100-BC-5
Operable Unit. Groundwater modeling results show that the containment and pump-and-treat
alternatives can provide additional protection by reduction in the flow rate of contaminated
groundwater into the Columbia River by 87% and 92%, respectively, compared to the
baseline (no action). However, groundwater modeling results also show that the
concentration of strontium-90 in the unconfined aquifer is not affected by the remedial action
alternatives.

Any migration of the contaminant plume due to natural groundwater flow or
pump-and-treat results in continuous desorption from the saturated soils, thereby maintaining
an equilibrium concentration of strontium-90 in the groundwater and the soil. The adsorption
and desorption characteristics of strontium-90 in the unconfined aquifer prevent effective
strontium-90 concentration reduction by application of the remedial action alternatives. The
only reduction in strontium-90 concentration within the aquifer are a result of radioactive
decay. Based on the relatively short half-life of strontium-30 (approximately 30 years), the
long-term risk from the 100-BC-5 Operable Unit will be continuously reduced over time.

8.4 REDUCTION OF TOXICITY, MOBILITY, OR VOLUME

While mobility of strontium-90 is low, groundwater modeling results indicate that the
containment and pump-and-treat alternatives can reduce the mobility of strontium-90 by
preventing the flow of contaminated groundwater into the Columbia River. Compared to the
baseline (no action), the containment and pump-and-treat alternatives reduce the flow of
contaminated groundwater into the river by approximately 87% and 92%, respectively. The
no action and institutional controls aiternatives have no effect on the flow of contaminated
groundwater into the river.

For all the alternatives considered, the concentration will reduce over time due to
natural radioactive decay. This result would be expected for the containment alternative;

8-2



DOE/RL-94-59
Draft A

however, lower concentrations beyond the reduction from decay would be anticipated with
the no action and institutional controls alternatives due to plume migration into the Columbia
River. The pump-and-treat alternatives would be expected to result in the lowest
concentrations of strontium-90 because some of the strontium-90 is removed from the aquifer
system. A significant result shown by groundwater modeling is the effect of each alternative
on the concentration of strontium-90 in the unconfined aquifer. During the simulation
periods investigated (15 and 25 years), no distinction between alternatives could be identified
on the basis of strontium-90 concentrations in the groundwater.

This result illustrates the effects of the high adsorption rate associated with
strontium-90 in the unconfined aquifer. The high adsorption rate of strontium-90 onto the
aquifer soils corresponds to a low desorption rate into the groundwater, which retards the
transport of strontium-90 within the aquifer. Values of the adsorption coefficient for
strontium-90 in the unconfined aquifer vary from 20 to 200 mi/mg (Ames and Serne 1991).
Adsorption coefficient values have been reported up to 400 ml/mg for strontium-90 in the
Ringold Formation (EPA 1978).

An adsorption coefficient of 20 ml/mg was used for groundwater modeling, based on
the conservative assumption that this value would maximize the concentration of strontium-90
in groundwater migrating into the Columbia River. However, use of this value does not
represent a conservative assumption when considering the effectiveness of pump-and-treat for
aquifer restoration. Therefore, the groundwater modeling resuits obtained for the
pump-and-treat alternatives represent the highest possible effectiveness. Although the lowest
adsorption coefficient value was used in groundwater modeling, the results obtained for the
pump-and-treat alternatives show the reduction in strontium-90 concentrations is almost
entirely due to radioactive decay.

8.5 SHORT-TERM EFFECTIVENESS

The evaluation of short-term effectiveness is based on protection of human heaith and
the environment during construction and implementation of the alternative until RAQ are
achieved. Based on the remote location of the 100 B/C Area, no impacts to the surrounding
communities would result from implementation of the alternatives under consideration. The
no action and institutional controls alternatives do not involve contact with or exposure to
strontium-9) contaminated groundwater or soil, and therefore present the least risk to
workers. Physical hazards are the primary risks to workers during implementation of the
containment alternative, which requires excavation in the vadose zone (assumed not
contaminated) followed by deep soil mixing into the contaminant plume. The pump-and-treat
alternatives subject workers to health risks during O&M of the treatment system in which
low level waste is generated and managed.

The containment alternative is considered to involve the most severe environmental
impacts during implementation. Spacial requirements to perform the slurry excavation and
deep soil mixing will result in significant physical disturbances to habitat along the proposed
location of the cutoff wall. Installation of the extraction wells is the primary source of
environmental impact from the pump-and-treat alternatives, as prefabrication of the treatment
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system and pipelines can minimize environmental impacts from these activities. The no
action and institutional controls alternatives result in the least impact to the environment due
to the nonintrusive nature of these alternatives.

The RAO are basically met for all the alternatives. The time required to achieve
additional benefits of an alternative is dependent on the specific alternative. The containment
and pump-and-treat alternatives achieve added protection of the Columbia River once
construction and implementation is complete. Each alternative requires the same time to
satisfy the SDWA MCL for strontium-90. Regardless of the alternative, groundwater
modeling results indicate natural radioactive decay is the most significant factor effecting the
concentration of strontium-90 in the unconfined aquifer. Therefore, the time required to
reduce the 130 pCi/L peak concentration to the current 8 pCi/L, or proposed 42 pCi/L,
SDWA MCL is approximately 120 years or 49 years, respectively.

8.6 IMPLEMENTABILITY

The no action and institutional controls alternatives are considered easily
implementable. Due to the limited actions involved with these alternatives, there are no
technical, administrative, or availability concerns.

" Technically, the containment alternative is the most difficult to implement. A
pre-excavation is required to remove boulders from the Hanford formation in order to
facilitate the use of deep soil mixing. Due to the physical constraints on the surface
{e.g., retention basins, cribs, trenches), the proposed pre-excavation utilizes slurry
excavation techniques such that near vertical side slopes can be obtained. Once the
pre-excavation trench is backfilled, deep soil mixing to a depth of approximately 45 m

{150 ft) is required. The approximate 45 m (150 ft) depth is near the technical limitations of
conventional deep soil mixing equipment. No other implementability concerns
(administrative or availability of services) are associated with this alternative.

The pump-and-treat alternatives will also be technically difficult to implement due to
the SDWA MCL target remedial level for strontium-90 (currently 8 pCi/L, but proposed at
42 pCi/L). Ion exchange and reverse osmosis have been demonstrated to effectively remove
high concentrations of strontium-90 from groundwater (Robinson et al. 1993, Garrett 1990).
However, treatability tests will be required to demonstrate the effectiveness of these
technologies for reducing strontium-90 concentrations to 8 pCi/L. No other implementability
concerns (administrative or availability of services) regarding this alternative are identified.

8.7 COST

Costs for the alternatives are compared in Table 8-1. Additional details and
assumptions for the costs are presented in Appendix C. The costs developed for this FFS
cover only those for the implementation and operation of the IRM. Consideration of final
action costs are outside the scope of the FFS; however, some general statements are provided
for consideration as follows:
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Costs for continuation of the IRM as a final action can be extrapolated from
the FFS costs.

Costs for combining alternatives (such as a vertical barrier in conjunction with
pump and treat) can be assumed to be additive (on an order of magnitude
basis).
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Figure 8-1 Summary of Comparative Analysis

100-BC-5
Groundwater
Operable Unit
Evaluation Alternativesl
Criteria GW-1| GW-2 | GW-3{ GW-5| GW-6

Overall Protection of Human Health
and Environment

Compliance with ARAR2

Long-Term Effectiveness and
Permanence

Reduction of Toxicity, Mobility,
and Volume

Short-Term Effectiveness

Implementability

Present Worth 0
($ millions)

25 | 166 | 88.7

81.0

Notes:

- -1. --Alteriatives are summarized-asfollows: -

GW-1  No Interim Action

GW-2 Institutional Control

GW-3 Containment

GW-5 Removal/lon Exchange Treatment/Disposal
GW-6 Removal/Reverse Osmosis Treatment/Disposal

2. ARAR - applicable or relevant and appropriate

requirement

Note: GW-4 (In Situ Treatment) was not evaluated.

8F-1

Kev:

mmwy

= Better
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Table 8-1 Cost Comparison of Alternatives

Cost

Capital

Operation and
Maintenance

Present Worth ¢

$0

GW-2 Institutional $0 $ 1,000,000 $ 760,000
Controls/Continued
Current Actions

| GW-3 Containment $ 8,000,000 $ 12,900,000 $ 17,500,000
GW-4 In Situ Treatment N/A N/A N/A
GW-5-Pump and Treat- - (- $ 1,850,000} % 12,500,000 $ 11,100,000
(with Ion Exchange)
GW-6 Pump and Treat $ 4,900,000 $ 25,300,000 $ 23,600,000
(with Reverse Osmosis)

1)

Based on a discount rate of 5%
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i 1.0 INTRODUCTION

A risk assessment is being prepared in support of the FFS for the 100-BC-5
Groundwater Operable Unit. The focus of the risk assessment was defined at the April 8,
1994 meeting among Tri-Party unit managers, and the major assumptions to be used in the
risk assessment, based on the agreements at the meeting, were outlined in a memorandum
from Golder to Westinghouse dated April 12, 1994.

In the April 8th meeting, it was agreed that the only exposure pathway applicable for
human exposures is potential groundwater flow into riverbank springs and the Columbia
River. The only receptors identified under this pathway are recreational users who may
ingest water from sprmgs The exposure ooncentrauons likely to be available for human
exposures are in near-river groundwater,

As stated in the April 12th memorandum, it is proposed that the average of the
maximum concentrations of contaminants from the 4th and 5th sampling rounds from
near-river groundwater monitoring wells be used to characterize contaminant exposure
concentrations in the risk assessment. However, it was agreed that the use of this limited
data set for risk assessment purposes is contingent upon the results of a representative data
analysis to verify that this data set represents groundwater concentrations that are potentially
available for human exposure at the riverbank.

The following analysis is a review of the data available for the 100-BC-5
Groundwater Operable Unit, and verifies that the use of the 4th and 5th rounds of data from
near-river wells are representative of the contaminant concentrations available for exposure at
the riverbank.

2.0 REPRESENTATIVE DATA ANALYSIS

The following representative data analysis consists of a comparative evaluation of data
for three data sets for the 100-BC-5 Operable Unit: the entire operable unit data set, the
near-river data set; and the late round, near-river data set. The entire operable unit data set
is defined as five rounds of LFI sampling data from wells within the 100-BC-5 Operable
Unit, including near-river welis. The near-river data set consists of five rounds of sampling
data from the wells along the Columbia River only (wells B2-13, B3-1, B3-46, and B3-47).
The late round near-river data set consists of 4th and 5th sampling round data (Spring 1993
and Fall 1993) from near-river wells in the 100-BC-5 Operable Unit.

The purpose of the representative data analysis is to a) determine if there are higher
contaminant concentrations inland from the near-river wells (i.e., upgradient from near-river
wells and the riverbank) that could potentially affect near-river exposure concentrations in the
future; and b) determine whether the late-round near-river data set best represents
groundwater concentrations potentially available for human exposure at the riverbank.

A-3



DOE/RL-94-59
Draft A

" Table A-1 presents a summary of data from the three data sets for comparative
purposes. This table includes maximum and minimum values from five rounds of 100-BC-5
data from the entire operable unit, as well as the number of samples with detected
concentrations and the number of sampies analyzed for each parameter with the exception of
organic compounds. Organic compounds presented in this table are only those compounds
that had detected concentrations in any of the five sampling rounds.

2.1 ELIMINATION OF NONDETECTED PARAMETERS

In order to evaluate the representativeness of the near-river data sets, it is necessary
to evaluate the entire operable unit data set to establish equilibration trends and anomalies in
the data, and to reduce the data sets by elimination of parameters that do not require further
evaluation. These characteristics can then be compared to the near-river data sets to evaluate
their representativeness. The following is an evaluation of the entire operabie unit data set.

Parameters that are not detected or are detected at less than a 5% detection rate
(number of detects/number of sample resuits per parameter) in all five sampling rounds
throughout the entire operable unit are eliminated from further consideration. These
parameters are indicated on Tabie A-1, and are listed below:

ionucli

Americium-241 Plutonium-238
Cesium-134 Plutoninm-239/240
Cesium-137 Potassium-40
Chromium-51 Radium-226
Cobalt-60 Ruthenium-106
Europium-152 Thorium-228

i Europium-]54~ Thorium-232
Iron-59 Zinc-65
Inorganic Constituents
Antimony Mercury
Beryllium Silver
Cadmium Thallium
Cobalt Cyanide
W i nion
Hydrazine
Phosphate
Sulfide
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i mpoun
Acetone Di-n-octylphthalate
Benzene 2-Hexanone
2-Butanone Methylene chloride
Chlorobenzene 4-Methyl-2-pentanone
Diethylphthaiate 1,1,2,2-Tetrachloroethane
Di-n-butylphthalate

2.2 USE OF NEAR-RIVER DATA

The use of data from the near-river portion of the operable unit in the risk assessment
is evaluated by review of concentrations in near-river wells compared to weils throughout the
entire operable unit to determine whether concentrations are substantially different between
the two data sets.

As shown on Table A-1, the maximum representative concentrations selected for the
near-river data set are typically equivalent to those selected for the entire operable unit data
set with some exceptions. The exceptions to this concept are parameters with upgradient
concentrations that are higher than near-river concentrations. These parameters are arsenic,
calcium, chromium, copper, lead, magnesium, nickel, potassium, vanadium, zinc,
bis(2-ethylhexyl)phthalate, and trichloroethene. These exceptions are discussed below.

Calcium, magnesium, and potassium are generally not toxic, and will not be
evaluated in the risk assessment.

Arsenic and vanadium are present in both the entire operable unit and at
near-river locations at concentrations less than background, and therefore will
not be evaluated in the risk assessment.

Copper, lead, nickel, and zinc are present in the entire operable unit data set at
concentrations above background, however, these parameters would pass
preliminary risk-based screening, and therefore would not be evaluated in the
risk assessment,

Chromium, bis(2-ethylhexyl)phthalate, and trichloroethene are present in both
the entire operable unit and near-river data sets at concentrations above
background and would fail preliminary risk-based screening. Therefore, these
parameters would generally be evaluated in the risk assessment. The
maximum representative concentrations in the entire operable unit and
near-river data sets are within the same order of magnitude for ali three of
these parameters and are not expected to result in significantly different risk
levels.

Based on these observations, it is unlikely that there are plumes of contaminants
containing substantially higher concentrations (compared to near-river concentrations) in the

A-5

o e s 1



DOE/RL-94-59
Draft A

upgradient portion of the operable unit that could potentially affect near-river groundwater
concentrations. Therefore, it is reasonable to assume that near-river concentrations would
not increase significantly in the future.

2.3 USE OF LATE ROUND DATA

The use of late round sampling data in the risk assessment is evaluated by review of
concentrations over the five sampling rounds to determine whether late round data are
representative of groundwater concentrations available for exposure to humans. This
evaluation includes data for the entire operable unit, including near-river data, in order to
observe groundwater concentrations over time throughout the operable unit.

As described in Section 2.1, several parameters with less than 5% detection rates are
eliminated from further evaluation. The remaining parameters are reviewed to determine
representative concentrations for each parameter. As described in the LFI report
(DOE-RL 1993b), data are evaluated for consistency between sampling rounds. If the
concentration of a parameter is several orders of magnitude higher in the initial sampling
rounds and equilibrates in later sampling rounds, the results from the initial sampling rounds
are eliminated as inconsistent. Likewise, if a parameter concentration is anomalously higher
in one sampling round compared to other rounds, that value is also eliminated as
inconsistent.

Maximum representative concentrations for the entire operable unit data set are
selected, for the most part, from the maximum concentrations detected in the operable unit
from all five sampling rounds. However, there are several exceptions where equilibration
has occurred or anomalies are present. The parameters exhibiting equilibration of
concentrations or anomalies are described below and are accompanied by time-concentrations
graphs to illustrate the fluctuations of concentrations over the five sampling rounds. The
time and concentration graphs inciude data for wells exhibiting elevated concentrations, or
wells with significant changes in concentrations. The wells used in these graphs are selected
specifically for each contaminant depending on that contaminant’s behavior in a well.
Therefore, the wells presented in these graphs are specific to the contaminant of interest.

. Carbon-14 (Figure A-1) - Initial high concentrations in Fall 1992 (maximum
= 410 pCi/L) dropped to equilibrated levels that are less than detection limits
(generally <50 pCi/L) by Spring and Fall 1993, therefore the maximum
representative concentration selected is "not detected”.

. Tritium (Figure A-2) - Initial high concentrations (maximum = 24,000 pCi/L)
dropped to relatively stabilized concentrations by Spring and Fail 1993
(maximum representative concentration = 15,000 pCi/L).

. Arsenic (Figure A-3) - Two anomalously high values (0.829 mg/L and
0.722 mg/L) are present in the Fall 1992 sample results. The next highest
resuits are two orders of magnitude less (maximum representative
concentration = 0.0039 mg/L) or not detected (generally <0.005 mg/L).
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Chromium (Figure A-4) - The maximum concentration of chromium

(0.117 mg/L) was observed in well 199-B4-5 in the second round of sampling.
However, duplicate samples from the same well collected on the same date
have concentrations of 0.0845 mg/L and 0.0141 mg/L. Therefore, the highest
result (0.117 mg/L) is considered anomalous. The second highest
concentration (0.0845 mg/L), as shown on Figure A-4, and other initially high
sample results in early rounds dropped to equilibrated levels (generally
<0.030 mg/L) in Spring and Fall 1993 samiple rounds, except in one well
(well 199-B5-1), where Fall 1993 sample result (0.0639 mg/L) was higher
than previous sample rounds. In the case of chromium, the Fall 1993 sample
result, representing an increased concentration, is selected as the maximum
representative concentration.

Lead (Figure A-5) - Anomalously high values (maximum = 0,529 mg/L) are
present in Fall 1992 sample results. The next highest values are two orders of
magnitude less (maximum representative concentration = 0.0079 mg/L), or
are not detected (generally <0.003 mg/L).

Manganese (Figure A-6) - Initiaily high sample resuits (between 0.015 mg/L
and 0.030 mg/L) in early rounds dropped to equilibrated levels (generally
<0.005 mg/L) in Spring and Fall 1993 sample rounds, with the exception of
one near-river well (well 199-B3-1). The maximum value detected in the
entire operable unit (0.101 mg/L) was present in well 199-B3-1 in Fall 1993.
However, the maximum value is an order of magnitude higher than previous
sample results in the same well (second highest result = 0.0107 mg/L). The
second highest result is selected for the maximum representative concentration
for manganese.

Nickel (Figure A-7) - Initial high concentrations (maximum = 0.0748 mg/L)
in Spring and Fall 1992 dropped to relatively stabilized concentrations by
Spring and Fall 1993 (generally <0.020 mg/L). The maximum representative
concentration selected for nickel is 0.024 mg/L.

Selenium (Figure A-8) - One anomalously high value (maximum

= 0.0319 mg/L) detected in Fall 1992 is one order of magnitude higher than
all other detected selenium concentrations. All other detected concentrations
are interspersed with non-detected concentrations (generally <0.020 mg/L),
and rejected data throughout the sampling period for all wells. Since there
were no consistent detects in any weils in the entire operable unit, the
maximum representative concentration selected is "not detected”.

Vanadium (Figure A-9) - The maximum detected concentration (0.0184 mg/L)
from the five sampling rounds occurred in well 199-B4-5 in Fall 1992, Two
other sample results from the same well from the same sample round are an
order of magnitude lower (0.0097 mg/L and 0.0077 mg/L), therefore, the
maximum value is considered inconsistent and is eliminated. The second
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) highest detected value (0.0143 mg/L) is selected as the maximum
representative concentration.

o Zinc (Figure A-10) - Initially high sample results (maximum = 0.0673 mg/L)
in early rounds dropped to equilibrated levels (generally <0.030 mg/L) in
Spring and Fall 1993 sample rounds. The second highest detected value
(0.0232 mg/L) is selected as the maximum representative concentration.

As observed in the discussions above, parameter concentrations in later sampling
rounds, with some exceptions, typically equilibrate to concentrations one to three orders of
magnitude lower than initial sampling round results. The sample results typically indicate
that equilibration has occurred by the Spring and Fall 1993 sampling rounds. Exceptions to
this concept are chromium and manganese, which had increased concentrations in later
sampling rounds. The later sampling round results are used for maximum representative
concentrations for both chromium and manganese.

Based on the data reviewed above, it is reasonable to assume that data from late
(Spring and Fall 1993) sampling rounds are representative of the groundwater concentrations
in the 100-BC-5 Operable Unit. In the case of chromium and manganese, the increased
sample results occurred in the Fall 1993 sample round.

2.4 CONCLUSIONS

The use of the near-river data subset, as opposed to the entire operable unit data set
should not affect the specific contaminants of concern selected for use in the risk assessment,
or result in substantially different risks from potential human exposures. It is expected that
the use of late round data would ensure that equilibrated data is used in the risk assessment,
and would therefore serve to eliminate data that are not repreSentative of current groundwater
conditions. Based on these observations, it is appropriate to use late round near-river data to
evaluate potential exposures at the riverbank for the 100-BC-5 Operable Unit risk
assessment.
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Figure A-7 Nickel Time-Concentration Graph
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Parameter Units All 100-BC-5 OU Data Maximum Maximum Maximum | Number | Number | Number
Representative | Representative| Represcniative] of Values| of Values| of Values
Maximu Minimum Number | Number| Concentration | Concentration | Concentration| >Rep >Rep >Rep
Result Result of of Entire QU NR LRNR Entire OU| NR LRNR
Detects Samples
RADIONUCLIDES
Americium-241 pCirL | 0.04% -0.033U 2 Tl ND ND 2 0 ¢
Carbon-14 peyL 410 -110U 1 92 ND ND 1 4 3
Cesium-134 pCi/L 200 29U 0 n ND ND 0 [} 0
Cesium-137 pCifL 9.2 -1.6U 1 n ND ND 1 0 0
Chromium-51 pCilL 800U 100U 0 70 ND ND 0 0 0
Cobalt-60 pCi/L 20U 2u 0 T ND ND 0 0 0
Europium-152 pGilL 30U -15U 0 7 ND ND 0 0 0
Europium-154 pCi/L 20U 8U 0 H ND ND 0 0 ¢
Gross Alpha pCi/lL 10 -3.6R 14 91 10 10 o o] o
Gross Beta _pCilL 290 8.4U 7 91 290 45 0. o | o
Iron-59 pCiflL 100U -3U 0 N ND ND 0 0 0
Plutonium-238 pCilL | 0.017 -0.016V 1 70 ND ND 1 I 1
Plutonium-239/240 pCUL | 0.015 0.008U 2 il ND ND 2 2 1
Potassium-40 pCi/l. 200 70U 3 T ND ND 3 ¢ 0
Radium-226 pCi/L 30 -40U 2 n ND ND 2 0 0
Ruthenium-106 pCiflL 130U 3.8V 0 n ND ND 0 0 a
Strontium-90 pCiL 150 -0.34U 62 90 - 150 150 125 .. g 0 0
Technetium-99 pCiL 130 12 86 91 130 130 1o - 0 -0 0
Thorium-228 pCilL 40U 033U i 7 ND ND ND 1 0 0
Thorium-232 pCilL 80U 30U 0 70 ND ND ND o 0 0
Tritmm pciL | 24000 1500 89 91 © 15000 15000 12000 _ 3 3 0
Uranium (Total) pCilL 2.2 0.55 68 7 S22 2.2 22 0 0 o
Zine-65 pCi/L 40U -4.4U 0 7 ND ND ND 0 0 [
INORGANIC CONSTITUENTS
Aluminum mg/l 1.24 0.0106U 3 95 124 1.24 0.65 0 0 0
Antimony mg/l | 0.06U { 0.0092U 0 95 ND ND ND 0 [} 0
Arsenic mg/L | 0.829 0.0015U 30 95, 00059, ND ND 2 0 0
Barium mg/l | 00592 0.0044 93 95 0.0592 0.0592 0.048 0 0 0
Beryllium mg/l | 0.0015 | 0.00020 3 95 ND ND ND 3 0 0
Cadmiurm mg/lk | 0.0022 0.001U 95 ND ND ND 6 0 0
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Parameter Unity All 100-BC-5 QU Data Maximum Maximum Maximum Number | Number | Number
Representative | Representative{ Representative| of Values| of Values| of Values
Maximum{ Mintmum Number | Number| Concentration | Concenteation | Concenteation| > Rep >Rep >Rep
Result Result of of Entire OU NR LRNR Entire OUf NR LRNR
Delects Samples
Calcium mg/L 56.8 323 95: | 95, 56.8 53.8 s28. | 0. o
Chromium mg/ | 0.117 '| 0.0041U 84 95 . 0.0639 0.036 BECXCIY I D e )
Cobait mg/. | 0.01070| 0.0013V 0 95 . ND ND ND 0 0 0
Copper mg/l | 0.0117 | ©.0019U 17 95 . 0.0117 ND ND o | 1| .
Tron mg/L 36 '| o.00530 53 95 . 1.62 1.62 09 R
Lead mg/l | 0.52% | 0.0012U 7. | 95, 0.0079 0.0047 0.0040 4 il e
Magnesium mg/L 19 65.18 95 95 . 119 9.9 9.67 0] o ]
Manganese mg/L 0.101 0.0008U 40 95 . 0.0107 0.0107 0.0068 1 3 i
Mercury mg/L | 0.00014 ¥ 0.0001U 4 95 . ND ND ND 4 0 [}
Nicke! mg/l | 0.0748 | o0.0026V 32 95 0.0244 0.0078 0.0078 s =20 | To
Potagsium mg/L 6.64 1.76 98 95 6.64 4.45 4.09° 0 o | 0.
Scleniutn mg/L | 0.0319 0.002U Te 98" ND ND ND: TRL L i
Silver mg/ll | 0.004 0.0023U 4 95 . ND ND ND 4 0 [
Sodium mg/L 14.3 9.21 98 ) 98 143 14.3 140 0 lig © 0
Thaltium mg/L | 0.0039 | o0.0000U 2 95 ND ND ND 2 0 [
Vanidiom mg/L | 0.0t84 | 0.0025U. 57 95 0.0143 0.0097 0.0088 R R
Zing mg/t. | 0.0673 | 0.0026U Kl 95 0.0232 ND ND. I B N
Cyanide mg/L | 0.0238 0.010U 1 7 ND ND ND 1 0 0
WET CHEMISTRY AND ANIONS
Alkalinity mg/L 11§ 93 1 72 15 12 12 0 0 0
Ammionia as N mg/L 0.4 0.05 1 7 0.4 0.4 ND 0 0 0
Chemical Oxygen Demand mg/L 36 5uU 4 n 30 30 ND 0 0 0
Chilotide mg/L. 13.8 46 73 7 13.8 10.1 9.2 o T 0 0
Conductivity pmhos/em?] 447 262 93 93 447 424 421 0 0 0
Fluoride mell 0.5 0.1 - “87 03 0.5 0.5 0.3 e 0 0
Hydrazine mg/l | 0.003U | 0.003U 0 55 ND ND ND [} 0 0
Nitrate/Nitrite as N mg/L 6.9 0.45 n T 6.9 6.81 6.42 C 0 0 0
pH sid umits | 8.3 7 2 94 7.0-8.3 7.8-8.1 7.9-84 0 0 0
Phosphate mg/t. 04 0.04U 3 7 ND ND ND 3 1 0
Sulfate mg/L 68,2 27 9 93 68.2 53 50 Q 0 0
Sulfide mg/L 1 0.1U 4 69 ND ND ND 4 1 0

(€ Jo 7 aded)
Hun djqerdQ §-DG-001 2 10] vie( Jo Aremmums -V I[QEL

- VyeQg
65-v6-"T4/404



1Z-v

Parameter Units Alt 100-BC-5 OU Data Maximum Maximum Maximum | Number | Number | Number
Representative | Represcntative| Representative| of Values| of Values| of Values
Maximuml Minimum Number | Number| Concentration | Concentration| Concentration| >Rep >Rep >Rep
Resuh Result of of Entire OU NR LRNR Enlire OU] NR LRNR
Detects | Samplea
Total Dissolved Solids mg/L 294 151 7 72 294 261 261 0 0 0
Total Organic Carbon mg/L 10 0.5u 33 55 25 1.7 0.62 t 0 0
Total Orgenic Halides mg/L 0.136 0.005U 6 535 ND ND ND 6 3 t
ORGANIC COMPOUNDS {(dctected only)
Acetone mg/L. 0.012 0.002 68 ND ND ND 0 0 0
Benzene mg/L 0.005 0.001 68 ND ND ND 2 0 0
Bis(2-Ethylhexyl)Phthalaie mg/L 0.069 0.0006 17 66 10.069. 0.035 0.012 0 0 0.
2-Buianone mg/L. 0.005 0.005 1 69 ND ND ND i t 1
Chiorobenzene mg/L 0.002 0.002 1 68 ND ND ND 1 0 0
Chloroform mg/L 0.002 0.002 1 68 ND ND ND 1 0 0
Diethylphthalste mg/L 0.0007 0.0007 1 66 ND ND ND i 0 0
Di-n-butylphthalate mg/L 0.002 6.001 3 68 ND ND ND 3 0 0
Di-n-octylphthalate mg/L 0.002 0.002 1 68 ND ND ND 1 0 0
2-Hexanone mg/L 0.004 0.003 2 69 ND ND ND 2 0 9
Methylene chloride mg/L 0.004 0.003 3 66 ND ND ND 3 1 0
4-Methyl-2-pentanone mg/L 0.002 0.001 2 68 ND ND ND 2 1 1
},1,2,2-Tetrachloroethane mg/L. 0.001 0.001 1 68 ND ND ND 1 0 0
Toluene - mg/ | 0.009 0.001 9 69 0,009 - 0.009 0.009 0 0 0
Trichloroethene " mg. | c.003 0.001 2% 68 0.003 0.002 0.001 0 [} 0

OU = Operable Unit

ND = Not detected

U = Not detected, value given is detection limit

NR = Near-river well data only ( wells B2-13, B3-1, B3-46, B3-47)
LRNR = Late Round Near-River data only (average of maximum results from 4th and 5th sampling rounds at near-river wells)

Nole: Shading indicates parameter is detected al greater then 5% detection rate, and is retained from evaluation in the risk assessment.
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APPENDIX B

100-BC-5 OPERABLE UNIT RISK ASSESSMENT
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i 1.0 INTRODUCTION

The 100-BC-5 Operable Unit is a groundwater unit located within the 100 B/C Area
of the Hanford Site (Figure B-1). The 100-BC-5 Operable Unit inciudes the groundwater
below the 100 B/C Area source operable units plus the adjacent groundwater, surface water,
sediments and aquatic biota impacted by 100 B/C Area operations. Figure B-2 shows the
approximate boundaries of the 100-BC-5 Operable Unit.

The waste units in the 100-BC-1 and 100-BC-2 Operable Units are the sources of
groundwater contamination at the 100-BC-5 Operable Unit. Based on a previous LFI and
QRA at the 100-BC-1 Operable Unit (WHC 1993d), several waste units at the 100-BC-1
Operable Unit have been identified as candidates for IRM. A record of decision (ROD) will
be developed concurrently for each of these waste units. Similar strategies are in place to
address the sources of groundwater contamination in the 100-BC-2 Operable Unit.

A QRA was conducted in support of an LFI for the 100-BC-5 Operable Unit and to
determine a need for an IRM. The results of the LFI indicated that an IRM is not
warranted. However, the Tri-Party unit managers agreed to conduct a FFS for the 100-BC-5
Operable Unit to determine the feasibility of selected remedial actions (inciuding "no action™)
for this operable unit. This risk assessment has been prepared to support the consideration of
the no action alternative included in the FFS for the 100-BC-5 Operable Unit. The
application of the Hanford Past Practice Strategy (DOE-RL 1991a) at the 100-BC-3 Operable
Unit is discussed in detail in the Remedial Investigation/Feasibility Study Work Plan for the
100-BC-5 Operable Unit, Hanford Site, Richland, Washington (DOE-RL 1992d).

A risk assessment is an analysis of the potential adverse health effects caused by
hazardous substances at a site under an assumption of no remedial action. This report
provides an assessment of the threats posed to human health by the COPC that have been
detected at the 100-BC-5 Operable Unit. This risk assessment is prepared based on the
assumption that once the sources of groundwater contamination are remediated, groundwater
contaminant concentrations will not increase from current concentrations. Therefore, risks
associated with future groundwater concentrations are not evaluated in this risk assessment,
as they are assumed to be equal or less than those associated with current conditions.

1.1 PURPOSE AND SCOPE OF REPORT

The purpose of this risk assessment for the 100-BC-5 Operable Unit is to focus on a
limited set of potential human exposure scenarios in order to provide sufficient information
that will assist the Tri-Party signatories in making defensible decisions regarding a ROD.
Currently, there is no groundwater use at the 100-BC-5 Operable Unit. However, there may
be use of spring and river water potentially affected by groundwater from the 100-BC-5
Operable Unit. The potential risks associated with the use of the springs and river shouid be
addressed in order to make sound, defensible decisions regarding this groundwater operable
unit.
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One exposure scenario is evaluated in this risk assessment, as agreed by the Tri-Party
unit managers (April 8, 1994). The exposure scenario is the use of springs and river water
potentially affected by groundwater from the 100-BC-5 Operable Unit by recreational users.
Two exposure pathways (ingestion of spring and river water in the vicinity of the 100-BC-5
Operable Unit, and ingestion of fish from the Columbia River in the vicinity of the
100 B/C Area) are evaiuated, as agreed by the Tri-Party unit managers.

Environmental receptors are not evaluated in this risk assessment. An evaluation of
the potential risks to environmental receptors associated with the Columbia River is in
preparation that assesses contaminant contributions from several sources and incorporates
environmental parameters beyond the scope of the 100-BC-5 Operable Unit. Therefore, the
evaluation of risks to environmental receptors is deferred to the Columbia River
Comprehensive Impact Assessment and is not conducted in this risk assessment.

The data used in this risk assessment, as agreed by the Tri-Party unit managers, are
from the last two rounds (Spring and Fall 1993) of LFI groundwater sampling from
near-river wells in the 100-BC-5 Operable Unit. The available data are evaluated through
the use of deterministic exposure and toxicity assessments to characterize the risks or hazards
associated with the 100-BC-5 operable unit groundwater. The risk assessment is conducted
using the Hanford Site Risk Assessment Methodology (DOE-RL 1994c) as guidance.

1.2 DATA SOURCES

The general sources of information used to prepare the risk assessment are discussed
in this section. Groundwater monitoring data from the LFI are available for the 100-BC-5
Operable Unit, and groundwater background data are available for the Hanford Site, as
described below. Historical groundwater data are not used in this risk assessment as they are
not considered representative of current groundwater conditions. A more comprehensive
discussion of groundwater data sources is provided in the LFI report for the 100-BC-5
Operabie Unit (DOE-RL 1993b).

Fish tissue data for the evaluation of fish ingestion from the Columbia River near the
100 Area are available from the Surface Environmental Data Report as presented in the
Hanford Site Environmental Data for Calendar Year 1992 - Surface and Columbia River
(Bisping and Woodruff 1992). The fish tissue data is discussed in Section 2.0 of the FFS
and in Section 1.2.3 of this appendix.

1.2.1 LFI Groundwater Data for the 160-BC-5 Operable Unit

A LFI was completed in accordance with the 100-BC-5 Operable Unit work plan
(DOE-RL 1992d) and the Description of Work for the 100-BC-5 Operable Unit
(Roberts 1992) to provide additional information and characterization needed to support
selection, design, and impiementation of IRM for the 100-BC-5 Operable Unit. Monitoring
wells were installed during the LFI to define groundwater quality in areas of potential
exposure (e.g., near springs along the Columbia River shoreline that are downgradient of
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contamination sources), to define groundwater quality immediately downgradient of
high-priority waste sites, and to identify potential sources of groundwater contamination.

Existing wells were surveyed and inspected (not including wells installed as part of
the LFI) to evaluate their "fitness-for-use" for environmental monitoring (Ledgerwood 1991).
All of the existing wells in the 100-BC-5 Operable Unit were judged to be usable for LFI
sampling. Data from the upper, unconfined aquifer are used in this evaluation. Data from
wells screened in the lower, confined aquifers are eliminated because they are not analogous
to data from unconfined aquifer wells. Figure B-3 is a map showing the locations of new
and existing monitoring wells within the 100-BC-5 Operable Unit.

Data from five LFI sampling rounds (Summer 1992, Fall 1992, Winter 1993, Spring
1993, and Fall 1993) are available for the 100-BC-5 Operable Unit. Samples were analyzed
for volatile, semi-volatile, pesticide/polychlorinated biphenyls, inorganic, radionuclide, and
wet chemistry parameters according to the description of work (Roberts 1992) and the
Quality Assurance Project Plan for the 100-BC-5 Operable Unit work plan (DOE-RL 1992d).
Laboratories performing the analysis were Weston Analytic Laboratory of Lionville,
Pennsylvania and TMA-Norcal Laboratory of Richmond, California.

The LFI data collected for 100-BC-5 Operable Unit were analyzed using methods
specified in EPA SW-846 with contract laboratory program type deliverables. The first
round of LFI data was 100% validated. The following rounds of LFI data were 100%
verified and 10% validated. Based on the validation activities, data results were assigned
qualifiers in accordance with criteria specified in the Data Validation Procedures for
Chemical Analyses (Bechtold 1992), Data that are termed "usable” (detected compounds or
estimated "J" values) can be used in the risk assessment. Data that were rejected for quality
control problems are eliminated from evaluations; however, data that were rejected due to
non-quality control problems (such as incomplete paperwork) are retained.

1.2.2 Hanford Site Groundwater Background Data

Several inorganic parameters occur naturaily in groundwater at the Hanford Site. The
naturally-occurring parameters in groundwater for the entire Hanford Site were characterized
in Hanford Site Groundwater Background (DOE-RL 1992e). As part of this characterization,
provisional threshold levels based on the 95% upper confidence limit of the sitewide data
were defined for 40 inorganic groundwater parameters. The provisional threshold levels are
used in this evaluation to represent background concentrations for inorganic parameters in the
100-BC-5 Operable Unit.

Currently, there are no sitewide background concentrations that have been agreed
upon for organic or radionuclide analytes except for total uranium, gross alpha, and gross
beta activity. Detected levels of organic and radionuclide analytes (with the exception of
total uranium, gross alpha and gross beta) are assumed to be contaminants and are not
compared to background (DOE-RL 1994c). Total uranium, gross alpha, and gross beta are
compared to provisional threshold values to determine if they are above naturally-occurring
levels.
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1.2.3 Hanford Reach Fish Tissue Data

Muscle tissue and carcass radionuclide wet weight data are available for whitefish,
carp, and bass taken from the Columbia River at the 100 Area (Bisping and Woodruff 1992).
These fish species are used to represent the year-round resident fish of the Columbia River
that are available for consumption.

The ingested portion of these fish is best represented by muscle tissue data; however,
the data indicate that the radionuclides of interest are not detected in the muscle tissue data
for these fish. This is likely because the radionuclides of interest (such as strontium-90) tend
to bioaccumulate in bone rather than muscle tissue. Carcass data are used instead of muscle
tissue data in this evaluation. Since the radionuclide concentrations are lower in the fish
muscle tissue than in the carcasses, and the fish muscle tissue is the ingested portion of the
fish, the resulting risks from this evaluation may be overestimates of potential risks.

2.0 CHARACTERIZATION OF CONTAMINANTS OF POTENTIAL CONCERN

The data to be used in the risk assessment are reviewed prior to evaluation to select
representative data. Representative data are compared to background concentrations to
identify an initial list of contaminants that are evaluated in the preliminary risk-based
screening. The contaminants with concentrations in excess of the preliminary risk-based
screening values are identified as COPC and are retained for risk assessment evaluations.

2.1 DATA SELECTION

The data used in this risk assessment, as agreed by the Tri-Party unit managers, are
unfiltered groundwater data from the last two LFI sampling rounds (Spring and Fall 1993) of
near-river wells at the 100-BC-5 Operable Unit. The maximum representative concentrations
from each of the last two sampling rounds of the four near-river wells are averaged to
provide the exposure point concentration used in the risk assessment.

A representative data analysis was performed prior to the risk assessment to verify
that the last two rounds of data are representative of the groundwater available at the
riverbank. As part of the representative data analysis, data were reviewed for frequency of
detection, consistency, and equilibration, as described below.

Since the near-river portion of the 100-BC-5 Operable Unit is a limited data set, the
elimination of contaminants due to infrequent detection is based on a review of the data from
all five LFI sampling rounds for the entire operable unit, except where otherwise noted.
Parameters that are not detected or detected at less than a 5% detection rate in five rounds of
data for the entire operable unit are eliminated from further evaluations. This approach is
consistent with Risk Assessment Guidance of Superfund (RAGS) (EPA 1989). The
contaminants eliminated due to infrequent detection are listed in Appendix A of this report.
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Evaluations for consistency include the comparison of maximum concentrations over
the five LFI sampling rounds to identify anomalous values and select values that are
consistent. If a concentration is found to be inconsistent by at least an order of magnitude, it
is not used in this evaluation.

Newly constructed wells often exhibit concentrations of particulates and colloidai
material for several sampling rounds. In some of the early sampling rounds, the unfiltered
concentrations of inorganic analytes are often several orders of magnitude higher than the
filtered results. In the later sampling rounds, the unfiltered concentrations tend to equilibrate
to concentrations that are roughly equivalent to the filtered results. The equilibrated
concentrations are considered, for the purposes of this risk assessment, representative of
groundwater conditions. Additional discussion and information on the equilibration of the
wells are provided in Appendix A of the 100-BC-5 LFI (DOE-RL 1993b).

A comparative analysis of late round data and the data from all five sampling rounds
is included in the representative data analysis. The analysis concluded that the use of data
from the last two rounds would serve to eliminate data that are not representative of
groundwater conditions near the river (i.e., nonequilibrated data from the initial sampling
rounds). Therefore, the groundwater concentrations from the last two rounds of LFI
sampling data are selected for use in this evaluation because they are more representative of

“actual groundwater conditions than data from earlier sampling rounds that were affected by

particulate and colloidal materials from the well installations.

Data from near-river wells are selected for use in this risk assessment because
near-river data are likely the most representative of groundwater available for potential
human exposures at the riverbank springs and the river. A comparative analysis of
near-river data and entire operable unit data was included in the representative data analysis
to verify that the use of the near-river data set does not preclude the evaluation of potentially
greater exposures from inland groundwater locations. The conclusions of this analysis,
provided in Appendix A, state that the groundwater concentrations inland of the near-river
wells may be greater than the concentrations at near-river locations for some contaminants,
but the results of the risk assessment would not be significantly affected by the variations in
the data sets. Therefore, it is reasonable to assume that the near-river data are representative
of groundwater conditions at the riverbank where potential human exposures may occur.

Maximum concentrations are typically used when receptors are exposed to
contaminants at a single location. The use of an upper confidence limit (UCL) would be
appropriate for exposures to contaminants in multiple locations (e.g., several drinking water
wells) because the UCL characterizes (in part) the spatial distribution of contaminants. At
the 100-BC-5 Operable Unit, the point of exposure is a single location (receptors potentially
exposed to groundwater from a spring at the riverbank), therefore it is more appropriate to
use the maximum concentration for this risk assessment. This method is conservative
because it assumes a receptor is exposed to a maximum concentration of all contaminants, as
if all of the maximum concentrations could be accessed at a single point location.

The mean of the maximum representative concentrations from the last two sampling
rounds is calculated to provide the exposure point concentrations for each contaminant. The
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exposure point concentrations of contaminants selected for further evaluations are compared
to background concentrations using Hanford Sitewide provisional threshold levels as the
control data for the 100-BC-5 Operable Unit. Analytes with exposure point concentrations
exceeding control concentrations are retained for preliminary risk-based screening.

The rationale for eliminating or retaining parameters for further evaluations is
provided in Table B-1. Polychlorinated biphenyls and pesticides are not included in the table
since they were not detected in any of the analyses. For brevity, organic compounds that
have not been detected in the 100-BC-5 Operable Unit throughout the five LFI sampling
rounds are not included in Table B-1.

The following are noted in the selection of contaminants:

Radionuclid

Cesium-134, chromium-51, cobalt-60, europium-152, europium-154, iron-59,
ruthenium-106, thorium-232, and zinc-65 are not detected in any wells in the
entire 100-BC-5 Operable Unit over five sampling rounds and are eliminated

from further evaluation.

Americium-241, cesium-137, plutonium-238, plutonium-239/240,
potassium-40, radium-226, and thorium-228 are detected at a detection rate of
less than 5% for all wells in the entire operable unit over five sampling rounds
and are eliminated from further evaluation.

— Carbon-14-is detected sporadically throughout the 100-BC-5 Operable Unit,

however, it is not detected in a consistent manner at a single location over five
sampling rounds. Since there are no representative detects of this parameter,
it is eliminated from further evaluation.

The summary maximum representative late round near-river concentrations of
gross alpha and total uranium are less than the background concentrations for
these parameters and they are eliminated from further evaluation.

The summary maximum representative late round near-river gross beta
concentration is greater than its corresponding background concentration;
however, this is a non-specific indicator parameter and there are no toxicity
data available for evaluation. Data are available, as appropriate, for specific
beta emitters, therefore gross beta is eliminated from further evaluation.

Strontium-90, technetium-99, and tritium are detected in late-round near-river
data and are retained for preliminary risk-based screening.
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Inorganic Analytes

W

Antimony and cobait are not detected in any wells in the entire 100-BC-5
Operable Unit over five sampling rounds and are eliminated from further
evaluation. :

Beryllium, mercury, silver, thallium, and cyanide are detected at a detection
rate of less than 5% in the entire operable unit over five sampling rounds and
are eliminated from further evaluation.

Arsenic and cadmium are not detected in any near-river wells at the 100-BC-5
Operable Unit over five sampling rounds and are eliminated from further
evaluation.

Copper, selenium, and zinc are detected inconsistently in near-river wells over
five sampling rounds. Since there are no representative detections of these
parameters in the near-river wells, they are eliminated from further evaluation.

The summary maximum representative late round, near-river concentrations of
barium, calcium, magnesium, manganese, potassium, sodium, and vanadium
are less than the background concentrations for these parameters and they are
eliminated from further evaluation.

The summary maximum representative late round near-river concentrations of
aluminum and iron are greater than their corresponding background
concentration; however, these parameters are eliminated from further
evaluations as recommended in HSRAM (DOE-RL 1994c¢) for contaminants
that are essentially nontoxic under typical environmental exposure scenarios.

Chromium, lead, and nickel are detected in late-round near-river data and are
retained for preliminary risk-based screening.

hemi. Anion

Ammonia, chemical oxygen demand, hydrazine, and sulfide are not detected in
late round near-river data for the 100-BC-5 Operable Unit and are eliminated
from further evaluation.

Phosphate is detected at less than a 5% detection rate for wells in the entire
opetrable unit over five sampling rounds and is eliminated from further
evaluation.

Total organic halides are detected sporadically throughout the 100-BC-5

Operable Unit over five sampling rounds; therefore there are no representative
detects of this parameter and it is eliminated from further evaluation.
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. The summary maximum representative late round near-river concentrations for
alkalinity, conductivity, fluoride, sulfate, and total organic carbon are less than
the background concentrations for these parameters and they are eliminated
from further evaluation.

. The maximum and minimum pH and maximum total dissolved solids results
are outside of their corresponding background values; however, they are
geqeml water quality indicators, and are eliminated from further evaiuation.

. Chloride and nitrate as N are detected in late-round near-river data and are
retained for preliminary risk-based screening.

Organic Compounds

. Acetone, benzene, 2-butanone, chlorobenzene, chloroform, diethylphthalate,

di-n-butylphthaiate, di-n-octylphthalate, 2-hexanone, methylene chloride,
4-methyl-2-pentanone, and 1,1,2,2-tetrachloroethane are detected at less than a
5% detection rate for all wells in the entire operable unit over five sampling
rounds and are eliminated from further evaluation.

. Bis(2-ethylhexyl)phthalate, toluene, and trichloroethene are detected in
late-round near-river data and are retained for preliminary risk-based
screening.

2.2 IDENTIFICATION OF CONTAMINANTS OF POTENTIAL CONCERN

The initial list of contaminants with maximum representative concentrations above
background is evaluated in a preliminary risk-based screening to identify the contaminants of
potential concern. Risk-based screening concentrations are defined using
contaminant-specific slope factors (SF), reference doses (RfD), residential exposure
- parameiers, a lifetime ICR of 107, and a HQ of 0.1, as defined in the HSRAM (DOE-RL
1994c).

Results of the preliminary risk-based screening are summarized in Table B-2.
Detailed toxicity information for the contaminants of potential concern (including references
for toxicity information presented on Table B-2) is presented on Tables B-3a and B-3b. The
contaminants that pass the screening criteria are eliminated from further evaluation. The
contaminants with summary maximum representative concentrations exceeding risk-based
concentrations parameters (indicated by shading on the tables) are considered contaminants of
potential concern for the 100-BC-5 Operable Unit and are retained for evaluation in the risk
assessment. The COPC for the 100-BC-5 Operable Unit are as follows:
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Strontium-90
Technetium-99
Tritium

Inorganic Analytes
Chromium

Wet Chemistry and Anions
Nitrate as N

Organic Compounds

Bis(2-ethylhexyl)phthalate
Trichloroethene

There are no toxicity factors available to evaluate lead and chloride. Therefore,
specific intakes and risks cannot be calculated for these parameters. Lead is considered a
carcinogen, however, the concentration used in this evaluation (0.0079 mg/L) is an order of
magnitude less than the primary maximum contaminant level (Washington Administrative
Code [WAC] 173-200-040) and the human water quality health criterion (EPA 1986) for lead
(both criteria are 0.05 mg/L). Chloride is not a carcinogen and is essentially nontoxic at low
concentrations. The chloride concentration used in this evaluation (13.8 mg/L) is one order
of magnitude less than the secondary maximum contaminant level of 250 mg/L (EPA 1986).
Lead and chloride are not retained for further evaluation.

2.3 UNCERTAINTY IN THE IDENTIFICATION OF CONTAMINANTS OF
POTENTIAL CONCERN AND CONCENTRATIONS

The uncertainty in the identification of contaminants present in the groundwater is
low. The LFI data available to identify contaminants in the groundwater are of known
quality, are analyzed using EPA methods, and are validated prior to use. Five rounds of
data have been evaluated for consistency and use in the risk assessment.

The uncertainty in the distribution of contaminants in the groundwater in the
100-BC-5 Operable Unit is low. The representative data analysis (Appendix A) concludes
that concentrations inland from near-river wells occasionally have higher concentrations of
some contaminants, however, the maximum concentrations of radionuclide contaminants,
including strontium-90, are all located at the near-river portion of the 100-BC-5 Operable
Unit.

There is uncertainty in the degree that contaminant concentrations potentially fluctuate
due to groundwater recharge from the river. The Columbia River has highly variable flow
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levels based on power demands and seasonat changes. Consequently, groundwater flow
varies into or away from the river, causing potential recharge to groundwater. It is unknown
whether the groundwater data used in this risk assessment represent groundwater as it occurs
within the 100-BC-5 Operable Unit, or groundwater that has been diluted by the river.

This risk assessment evaluates the contribution of contaminants from 100-BC-5
Operable Unit groundwater to riverbank springs and the river. However, there are only four
wells within the proximity of the river available to provide groundwater data for the risk
assessment; there are insufficient spring or river data available at the time of this evaluation
to quantify the risks associated with surface water. There is uncertainty in the contribution
of contaminants from groundwater to surface water and the levels of dilution when
groundwater enters surface water.

Additional uncertainty exists in the assumption that radionuclide concentrations remain
the same for the 30-year exposure period. For some radionuclides, radioactive decay over
time can significantly reduce the concentrations to which a receptor may be exposed. For
example, concentrations of strontium-90, the primary risk-driving contaminant, would be
reduced to one-half of current concentrations in about 30 years.

3.0 HUMAN HEALTH EVALUATION

This section presents a summary of the exposure and toxicity assessment, the risk
characterization, and uncertainty analysis for the 100-BC-5 operable unit. The methodology
used in the risk assessment is presented in the HSRAM (DOE-RL 1994c).

3.1 EXPOSURE ASSESSMENT

The purpose of the exposure assessment is to estimate the magnitude, frequency,
duration, and route of exposure to the COPC that human receptors may experience. This
exposure information is then integrated with appropriate toxicity information to provide an
assessment of the nature and extent of any health threats from the COPC. The primary
components of an exposure assessment are identification of potential human receptor
populations and exposure pathways, exposure point concentrations, and the quantification of
contaminants intakes. The scenarios and pathways for this risk assessment have been
discussed and selected by the 100 Area Tri-Party unit managers.

3.1.1 Exposure Scenarios

The exposure scenarios evaluated in this risk assessment are based on realistic
assumptions concerning current and future uses at this site, in compliance with the Hanford
Future Site Uses Working Group (HFSUWG) recommendations. The HFSUWG
recommended that the 100 Area be classified for unrestricted land use and listed four options
for consideration (HFSUWG 1992). The options are: (1) Native American uses; (2) limited
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recreation, recreation-related commercial uses and wildlife; (3) B-reactor as a museum/visitor
center; and (4) wildlife and recreation.

None of the HFSUWG options specifically identify the use of groundwater at the
100-BC-5 operable unit. There are currently no drinking water wells at the 100 B/C Area,
thus there is no direct access to groundwater at the 100 B/C Area by humans. However, as
shown in the LFI (DOE-RL 1993b), there is a potential for springs at the edge of the
Columbia River, and the river itself, to be affected by groundwater from the 100-BC-5
Operable Unit. Site trespassers can gain access to the riverbank springs and have contact
with the river.

The HFSUWG Native American and recreational options could inctude the use of
spring and river waters, and therefore could be affected by impacts to 100-BC-5 Operable
Unit groundwater. Therefore, the exposure scenario evaluated in this risk assessment, as
agreed by the Tri-Party unit managers, is the use of springs and river water potentially
affected by groundwater from the 100-BC-5 Operable Unit by recreational users
(trespassers). For the purposes of this evaluation, Native American and recreational uses of
100-BC-5 Operable Unit groundwater are assumed to be equivalent. Additional discussion of
this scenario is provided in the HSRAM (DOE-RL 1994c).

Environmental receptors that use riverbank springs and river water typically have
ranges that extend beyond the river bank or area immediately adjacent to the groundwater
discharge from the 100-BC-5 Operabie Unit. Additionally, the Columbia River receives
ground and surface water from many potentially contaminated sources. Therefore, an
evaluation of the potential risks associated with the 100-BC-5 Operable Unit would only
represent a portion of the total risks associated with most receptors using the riverbank and
river and is deferred to the Columbia River Comprehensive Impact Assessment.

3.1.2 Exposure Pathways

The Tri-Party unit managers have agreed that reasonable exposure pathways
associated with the selected exposure scenario are ingestion of spring or river water in the
vicinity of the 100-BC-5 Operable Unit that is potentially affected by groundwater from the
operable unit, and ingestion of fish from the Columbia River in the vicinity of the
100 B/C Area.

There are no 100-BC-5 Operabie Unit-specific fish tissue data available in the vicinity
of the 100-BC-5 Operable Unit. Therefore, the evaluation of risks associated with the
ingestion of fish from the Columbia River is based on contaminant data from fish taken for
general environmental monitoring in the Columbia River near the 100 Area (Bisping and
Woodruff 1992). The fish ingestion evaluation is conducted only for the contaminants
identified in the groundwater/springs evaluation that have an ICR > 10, or HQ greater than
unity for water ingestion.

Inhalation exposures are not considered in this risk assessment because these
exposures are typically reiated to the use of water in the home (EPA 1991) whereby
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volatilization occurs (such as dishwashers, bathrooms, showers, etc.). Since the selected
exposure scenario does not include residential uses, inhalation of groundwater is not
considered in this evaluation. This approach is consistent with HSRAM (DOE-RL 1994c).

Other exposure pathways are possible such as dermal absorption of contaminants
during water use and exposure to radionuclides through submersion in water. Exposures
from absorption of nonradioactive contaminants would not be as significant as exposures
from ingestion because the contaminants of potential concern, in general, do not have high
dermal permeabilities and the duration of exposure is generaily shorter. For radionuclides,
exposures that occur through water submersion are typically of less significance because of
the shielding effects of water and the generally short duration of exposure (EPA 1989).

No other pathways are evaluated in this risk assessment. No modeling of contaminant
transport or dilution in the river has been conducted in this risk assessment.

3.1.3 Quantification of Human Exposures

The exposure assessment quantifies exposures for the selected pathways. An
exposure point concentration (i.e., a contaminants concentration to which a receptor is
subjected over the exposure period) is estimated and used with exposure parameters (e.g.,
contact rate, body weight, and exposure frequency) to determine an intake. The exposure
parameters and equations used in this risk assessment are defined in the HSRAM
(DOE-RL 1994c). Recreational exposure parameters are used to evaiuate potential human
exposures to contaminants in the near-river groundwater from the 100-BC-5 Operable Unit.
A summary of these parameters is provided in Table B-4.

For purposes of this risk assessment, the exposure point concentration is the mean of
the maximum representative concentrations from the last two LFI sampling rounds for each
contaminant of potential concern, as described in Section B-2.1 and shown on Table B-2.

- --—------ The methodelogy- and. eguations for calculation of contaminant intakes (a measure of
exposure expressed as the concentration that is contacted over a period of time) are standard
EPA equations (EPA 1989) as presented in the HSRAM (DOE-RL 1994c). Example
equations and calculations are also provided in the HSRAM (DOE-RL 1994¢). The
estimated intakes of contaminants of potential concern for the scenarios are presented in
Table B-5. Intakes are provided for both non-carcinogenic and carcinogenic effects.

3.1.4 Uncertainty in the Exposure Assessment

The recreational scenario evaluated in this risk assessment (i.e., use of spring water
routinely over a 30-year period) is not known to occur at the 100 B/C Area. The risk
assessment is based on potential exposures to the maximum concentration, assuming that
these will not increase or decrease over a 30-year lifetime exposure. Therefore, there is
uncertainty in the results because of the use of a maximum concentration that may not be
representative of long term exposures.
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The exposure assessment focuses on only the ingestion of water from groundwater
use. Exposure through other pathways such as external exposure from submersion in
radionuclide-contaminated waste may result in additional risk, though it is not known if the
additional risk would be significant. In general, for most inorganic constituents and
radionuclides, exposure through the ingestion route is-greater than for other routes of
exposure to contaminants in water. For example, strontium-90, the primary risk-driving
contaminant, is a relatively important ingestion hazard, but is not associated with an external
exposure hazards since it has negligible gamma emissions.

The exposure assessment does not account for radioactive decay over time. For some
radionuclides, radioactive decay can significantly reduce the concentrations to which a
receptor may be exposed. For example, the exposure point concentration for strontium-90
would be reduced approximately one-half of the current concentration in thirty years (i.e., by
the year 2018).

Exposure parameters (i.e., body weight, averaging time, contact rate, exposure
frequency, and exposure duration) represent reasonable maximum values as defined in the
HSRAM (DOE-RL 1994c), but may not reflect actual exposure conditions. For example, for
carcinogenic parameters, the groundwater ingestion pathway uses the assumption that a
recreational visitor consumes 2 L of groundwater from a riverbank spring 7 days a year for
30 yr. To assume that a person visits the same spring at the same operable unit for one
week every year, however, may not be reasonable. Consequently, such exposure conditions
are likely to contribute to an overestimation of risk.

Only contaminants exceeding the 10 risk level by ingestion are evaluated for fish
ingestion. The remaining contaminants of potential concern do not bioconcentrate
significantly and thus, it is unlikely that they would present hazards in this pathway.

There is uncertainty in the use of fish carcass data instead of fish muscle tissue data.
Fish carcass data represent both ingested (fish muscle tissue) and non-ingested (organs,
bones, etc.) portions of the fish, and as a result, may represent overestimates of contaminant
concentrations typically available for exposure to humans.

3.2 TOXICITY ASSESSMENT

The purpose of the toxicity assessment is to identify the potential adverse effects
associated with exposure to site-related contaminants and to evaluate, using numerical
toxicity values, the likelihood that these adverse effects may occur. The general procedures
for toxicity assessment are presented in the HSRAM (DOE-RL 1994c).

Toxicity profiles for all COPC at the Hanford Site are under development for a
sitewide toxicity document and are not provided in this report. Summaries of the toxicity
factors for the carcinogenic and noncarcinogenic contaminants identified for the 100-BC-5
Operable Unit are provided in Tables B-3a and B-3b, respectively. All chromium is assumed
to be chromium (VI), which is generally the most toxic and soluble valence state of
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chromium. All nitrate/nitrite values are converted to nitrate as N, and it is assumed that the
nitrite contribution to the nitrate/nitrite value is negligible.

3.2.1 Uncertainty in the Toxicity Assessment

The RfD and SF have multiple conservative calculations built into them (i.e., factors
of 10 for up to four different levels of uncertainty for RfD, and the use of an upperbound
estimate derived from the linearized multistage carcinogenic model for SF) that can
contribute to overestimation of actual risk. The extrapolation of data from high-dose animal
studies to low-dose human exposures may overestimate the risk in the human population
because of metabolic differences, repair mechanisms, or differential susceptibility. It is also
possible that such an extrapolation could underestimate the risk to humans. However, the
use of uncertainty factors, modifying factors, and upper bound estimates in the development
of toxicity values is intended to compensate for this uncertainty.

The carcinogenic COPC are all known human carcinogens (Class A), except
bis(2-ethylhexyi)phthalate (B2 probable human carcinogen) and trichloroethene (currently
under review as a Class C or B2). Chromium is a Class A carcinogen by inhalation only.
Nitrate is not classified as a carcinogen.

The confidence in the RfD ranges from low to high, with low confidence assigned to
the RfD for chromium VI and trichloroethene. The critical effects vary from changes in
liver weight to blood effects. Therefore, different systemic toxicity hazards are evaluated in
this risk assessment.

The risk characterization for this risk assessment is conducted as presented in the
HSRAM (DOE-RL 1994¢) based on the information from the exposure assessment and
toxicity assessment. It forms the basis for characterizing risks and human health hazards
from potential exposures to COPC detected at the 100-BC-5 Operable Unit.

The pathways evaluated in the risk characterization are ingestion of water and
ingestion of fish by recreational users. Other pathways that have not been gquantitatively
evaluated include dermal exposure to contaminants in the groundwater or external exposure
occurring from submersion in radionuclide contaminated water. Consequently, the overall
risk estimates do not include a contribution from these pathways. In general, these pathways
would not contribute significantly to the overall risk when compared to the ingestion pathway
because of the low dermal permeabilities for the COPC and the short duration of exposurcs
for dermal or submersion.
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3.3.1 Quantification of Carcinogenic Risk

For carcinogens, risks are estimates of the likelihood of an individual developing
cancer over a lifetime as a result of exposure to a potential carcinogen (i.e., lifetime ICR).
The SF converts an intake value, as derived in the exposure assessment, to the estimated
lifetime incremental risk of an individual developing cancer. The equation used to estimate
cancer risk is:

ICR = (Intake) x (SF)

For nonradioactive carcinogens, intake values represent a daily intake averaged over a
lifetime of exposure. Slope factors for chemical carcinogens generally represent a 95%
upper confidence limit of the slope of the dose-response curve. Thus, one can be reasonably
confident that the actual risk is likely to be less than that predicted. The ICR should be

expressed using one significant figure only.

Intake values for radionuclides are defined to represent lifetime (not daily) exposures.
Unlike most chemical slope factors, slope factors for radionuclides are generally best
estimate, or 50% confidence limit, values,

The NCP (40 CFR 300.430(e)(2)(1)(A)(2)) states that acceptable exposure levels
represent an excess upper bound lifetime cancer risk of between 10 and 10°. The 10° risk
fevel is considered a point of departure for determining remediation goals when ARAR are
not available or are not considered sufficiently protective. Thus, cancer risks of 10 or less
are generally considered insignificant for regulatory purposes.

Table B-5 presents the results of the risk characterization for all carcinogenic
contaminants of potential concern. All ICR exceeding 10 are indicated by shading on this
table. The total ICR for the 100-BC-5 Operable Unit is 2x10%, attributable primarily to
strontium-90. No other carcinogenic contaminants exceed an ICR of 10%.

The risks associated with ingestion of fish from the Columbia River are included for
all contaminants with an ICR exceeding 10 (strontium-90) to determine potential added risks
associated with the ingestion of fish caught in the 100 Area of the Columbia River. The
intakes and risks (ICR) associated with the ingestion of fish (using carcasses as surrogate fish
concentration data) are presented in Table B-6. The ICR for the ingestion of whitefish, carp,
and bass are all an order of magnitude less than 10,

3.3.2 Quantification of Non-Carcinogenic Effects

Potential human health hazards associated with exposure to noncarcinogenic
substances, or carcinogenic substances with systemic toxicities other than cancer, are
evaluated separately from carcinogenic risks. The daily intake over a specified time period
(e.g., lifetime or some shorter time period) is compared with a chronic RfD to determine the
HQ. The formula used to estimate the HQ is:
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) HQ = ni ily In
RfD

If the HQ exceeds unity, the possibility exists for systemic toxic effects. The HQ is
not a mathematical prediction of the severity or incidence of the effects, but rather is an
indication that adverse effects may occur, especially in sensitive subpopulations.

Table B-5 presents the results of the risk characterization for all noncarcinogenic
COPC. All HQ or HI greater than unity are shaded in this table. The HI for the 100-BC-5
Operable Unit is estimated to be less than unity, at a value of 0.012. All noncarcinogenic
contaminants have individual HQ that are at least two orders of magnitude less than unity.

Since there are no HQ that exceed unity for noncarcinogenic contaminants in the
water ingestion pathway, there is no evaluation of fish ingestion for noncarcinogenic
contaminants.

3.3.3 Uncertainty in the Risk Characterization

Hazard quotients and risk values provided by risk assessment by themselves do not
fully characterize the health impacts associated with environmental contamination. Such a
quantitative evaluation must be understood in light of the uncertainties presented above, and
interpreted with respect to their significance.

Hazard quotients and cancer risks are calculated by multiplying multiple factors
(e.g., contaminant concentrations, exposure parameters, toxicity values). In an effort to
compensate for the uncertainty and/or natural variability in these factors, single point
estimates used to characterize these factors are often conservatively biased. However, even
if this bias for each factor can be considered reasonable, the product of these factors is likely
~~ -~ to far exceed a reasonable maximum exposure: - This means that the risk estimates presented
in a deterministic risk assessment are representative of a set of assumptions that, as a group,
is extremely unlikely. Use of a more realistic set of assumptions is likely to yield
significantly lower risk estimates.

The significance of numerical results requires interpretation. In presenting the
quantification of carcinogenic risk, contaminants and pathways are described if their
associated ICR exceed 10, Although a 10 cancer risk may be considered insignificant, this
does not imply that larger risks are necessarily significant. The NCP (40 CFR
300.430(e)(2)(1)(A)(2)) states that acceptable exposure levels represent an excess upper bound
lifetime cancer risk of between 10* and 10°.

4.0 SUMMARY AND CONCLUSIONS

This risk assessment evaluates the human health risks posed by contaminants in the
100-BC-5 Operable Unit under one exposure scenario (recreational) and two exposure
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pathways (groundwater ingestion and fish ingestion) under current conditions, There is
currently no use of groundwater at the 100-BC-5 Operable Unit, however, there is a potential
for ingestion of surface water from springs and the Columbia River that may be affected by
100-BC-5 Operable Unit groundwater. Due to insufficient spring and river data, data from
the last two rounds (Spring and Fall 1993) of LFI groundwater sampling from near-river
wells are used to evaluate the concentrations of contaminants in the springs potentially
available for human ingestion. No modeling of contaminant transport or dilution in the river
has been conducted in this risk assessment.

At the writing of this report, plans are under development to address sources of
100-BC-5 Operable Unit groundwater contamination at the 100 B/C Area source operable
units. It is assumed that once the sources of groundwater contamination are addressed,
groundwater contaminant concentrations, and associated risks, would subsequently decrease.
Therefore, future conditions are not addressed in this evaluation since the associated potential
risks are likely to be lower than those associated with current conditions.

The ICR associated with COPC at the 100-BC-5 Operable Unit is 2x10 in the water
ingestion pathway (see Table B-5). This ICR is primarily attributable to strontium-90. The
ICR for all other carcinogenic contaminants are at least an order of magnitude <10,

The total HI for the 100-BC-5 Operable Unit is 0.012 for groundwater ingestion (see
Table B-5). Since this value is two orders of magnitude less than unity, no systemic toxic
effects are expected to occur as a result of exposure to contaminants at the 100-BC-5

Operable Unit.

The intakes and risks associated with the ingestion of fish are calculated for
strontium-90. The ICR (see Table B-6) associated with the ingestion of fish are all estimated
to be less than 10°,

Uncertainty in the parameters used to perform the risk assessment for the 100-BC-5
Operable Unit was discussed in detail for identification of COC and their concentrations, the
exposure assessment, the toxicity assessment, and the risk characterization. To avoid
underestimation of these factors and account for natural variability, the single point estimates
used to characterize these factors are conservatively biased. Multiplication of these factors to
obtain ICR and HQ results in overestimation of the risk to human health.
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- Figure B-1 Location of 100 B/C Area at the Hanford Site
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Figure B-2 Map of the 100 B/C Area Showing the Source
and Groundwater Operable Units
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a - Figure B-3 Approximate Locations of Monitoring Wells and Spatial Distribution
. of Contaminant Maximum Concentrations for the Near-River Wells
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Table B-1 Summary of Data Selection for the 100-BC-5 Operable Unit
(page 1 of 2)
Parameter Units Description of Selected Dala Maximum Provisional | Rationale for Eliminanon
cmrme—m—eeo o o—. - | Represergative; Backoround 1
Conccatration |Concentration®}
[IRADIONUCLIDES
Americium-241 pCi/L than 5% detection rate in OU ND NV <5% detection rale
KCarbon-14 pCiUL [No representative detects in LRNR ND NV [No represcawlive detects
iCesium-134 pCV/L  {No detects in OU ND NV INot detected
Cesium-137 PCi/L.  {Less than 5% detection rale in OU ND NV < 5% dewection rate
IChromium-51 pCVL [No deiects in OU ND NV [Not detected
ICobalt-60 pCVL [No detects in QU ND NV INot detected
{Europium-152 pCVL [No detects in QU ND NV [Not detected
{Europium-154 pCV/L |[No detects in QU ND NV [Not detected
Gross Alpha pC/L |Average of maximum values reported in OU 10 63 Less than background
iGross Beta pCV/L |Average of maximum values reported in LRNR 245 35.5 [Non-specific parameter
|lmn-59 pCVL [No detects in OU ND NV Not detected
[Plutonium-238 PCVL  |Loss than 5% detection rate in OU ND NV [<5% detection rate
[Prusonium-239/240 PCVL  [iess than 5% detection rate in OU ND NV |<5% detection rate
[Potassium-40 PCWL  [Lews than 5% detection raie in OU ND NV {<5% dewstion rate
Radium-226 pCVL  fLoss than 5% dotection raic in OU ND NV |<5% detection rae
Ruthenium-106 pCVL  [No detects in OU ND NV ok detecied
IStrontiom-90 pCVL  |Average of meximum values reported in QU 125 NV [Retained
Technetium-99- pCVL  |Average of maximum values reporied in LRNR 110 NV [Rewained
Thorium-228 pCV/L |Less than 5% detection rate in OU ND NV <5% detection rate
Thorium-232 pCiL  |No detecis in OU ND NV |Not detected
Tritium pC/L |Average of maximum values reponied in LRNR 12000 NV [Rewsined
Uranium (Toial) pCi/L |Average of maximum values reported in OU 2.2 343 [Less than background
Zinc65 pCVL  |No detects in OU ND NV |Not dewecied
[INORGANIC CONSTITUENTS
IAluminum mg/L  |Average of maximum values reported in OU 0.65 ND (0.20} [Etiminated per HSRAM
(1994)
Antimony mg/L  |No detects in OU ND NV [Not detected
Arscnic mg/L  |No detects in NR ND 0.01 [Not derecied
riwm mg/L |Average of maximum values reponed in OU 0.048 0.0685 Leas than background
[Beryliium mgfL  |Less than 5% detection ratc in OU ND ND (0.005) |<5% detection rate
jCadmium mg/L [No detecis in NR ND ND (0.010) |Not detecied
[Calcium mg/l.  |Average of maximum values reporied in NR 52.8 63.6 [L.ess than background
IChromium mg/L  |Average of maximum values repornted in LRNR 0.0254 ND (0.030) jRetained
Cobalt mg/L  |No detects in OU ND NV |Not detected
[Copper mg/l. [No representative detects in NR ND ND (0.030) |Not detected
jiron mg/L.  |Average of maximum values reported in QU 0.90 0.086 Eliminsted per HSRAM
(1994)

Lcad mg/L  |Average of maximum representative values in NR 0.0040 ND (0.005) [Retained
[Magnesium mg/L  |Average of maximum vaiues reporied in LRNR 9.67 16.43 [Less than background
‘Mnngmue mg/l.  |Average of maximum represeniative values in QU 0.0068 0.0245 Less than background
IMen:ury mg/l.  |Less than 5% delection mate in QU ND ND (0.0001) 1< 5% detection rate
Nicke! mg/L  |Average of maximum representative values in NR 0.0078 ND (0.030) [Rewined
|Potassium mg/l  |Average of maximum vaiues reported in LRENR 4.00 7975  |Less than background
[Selenium mg/L.  [No representative detects in OU ND ND (0.005) |No represeniative detects

ilver mg/L  [Leas than 5% detecton rate in OU ND ND 0.010) |<5% detecuon rate
lSodiurn mg/l.  |Average of maximum values reparted in OU 14.0 315 Lieas than background
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Table B-1 Summary of Data Selection for the 100-BC-5 Operable Unit
(page 2 of 2)
Parameter Units Description of Selected Data Maximum Provisional | Rationale for Elimination
Representative] Background
Concemration {Concentrati
Thallium mg/L 38 than 5% detection rate in QU ND NV < 5% detection rate
[Vanadium mg/L  |Average of maximum values reported in NR 0.0088 0.015 Less than background
[Zinc mg/L.  [No representative detects in NR ND ND (0.050) |Not detected
ICyanide mg/L.  [Leas than 5% detection rate in OU ND NV <5% detection rae
[WET CHEMISTRY AND ANIONS
Alkalinivy mg/l.  |Average of maximum values reported in NR 112 210 Less than background
Ammonis as N mg/L.  {No detects in LRNR ND NV Nk detecled
IChemical Oxygen Demand] mg/L  [No detects in LRNR ND NV }Nm detected
Chloride mg/l.  |Average of maximum vafues reported in LRNR 9.2 869  [Retsined
Conductivity umbos/cm3Average of maximum values reported in NR 421 530 [Less than background
[Fuoride mg/L.  |Average of maximum values reported in LRNR 0.3 0.775 Less than background
[Hydrszine mg/L  [No detects in OU ND NV Not detected
Nitrate as N mg/L  |Average of maximum values reponed in LRNR 6.42 2.8 Retained
pH std units Minimum, maximum values reported in LRNR 7981 73383 INottoxic
IPhosphate mg/L  |Less than 5% detection rate in OU ND ND (1.0) |<5% detection ratc
‘sT.;lf:u-. mg/l.  |Average of maximum values reported in LRNR 50 90.5 Less than background
[Sulfide tng/L  |No detects in LRNR ND NV INot detected
[Total Dissolved Solids mg/L  |Average of maximum valuea reported in NR 261 NV Not toxic
Total Organic Carbon mg/L  |Aversge of maximum vaiues repocted in LRNR 0.62 261 L5 than background
[Total Organic Halides mg/L  |No represeniative detects in OU ND 0.0376  |No represenative detects
IORGANIC COMPOUNDS (detected only)
Acetone mg/L  |Less than 5% detection rate in OU ND NA <5% detection rate
nzenc mg/L  {Less than 5% detection rate in OU ND NA < 5% detection rate
“cthylhexyphthalme | mg/l. JAverage of maximum values reponed in LRNR 0.012 NA 1ained
-Butanone mg/l. |Less then 5% detection rate in QU ND NaA <5% deteclion rate
[Chiorobenzene mg/L  {Less than 5% detection rate in OU ND NA <5% detection rate
loroform mg/L  |Less than 5% detection raie in QU ND NA <5% detection rate
Diethylphthalate mg/L  |Less than 5% detection rate in OF) ND NA < 5% delection rate
Di-n-butylphthalate mg/l 83 than 5% detection rate in OU ND NA < 5% delection rate
Di-n-octylphthalate mg/L  JLass than 5% delection rate in QU ND NA <5% detection rate
2-Hexanone mg/L [Less than 5% detection rate in QU ND NA < 5% detection rate
ethylene chloride mg/L  |Less than 5% detection rate in OU ND NA <5% detection rale
cthyl-2-pentanone mg/L" [Less than 5% detection rate in QU ND NA <5% detection rale
I,1,2,2-Tetrachlorocthane mg/L  JLess than 5% detection rate in OU ND NA < 5% detection rate
[Tofuene mg/l.  JAverage of maximum values reported in OU 0.009 NA [Retained
[Trichloroethene mg/l.  |Average of maximum values reported in LRNR 0.00) NA [Reuined

JOU = Opersble Unit

NV = No value givea
INA = Not applicabie

Note: Shaded areas indicate parameter retained for further evaluation
From Hanford Site Groundwater Background (DOE-RL 1992b)

[NR = Necar-River portion of the 100-BC-5 Qperable Unit
LRNR = Latc Round Data (fourth and fifth rounds) for Near-River portion of the 100-BC-5 Operable Unit
ND = Not detected, detection limit is given in parentheses for parameters not detected in provisional background samples
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Parameter Groundwater Groundwater
Maximum Concentration Oral Slope Concentration
Representative Oral RfD at Oral Factor at Oral
Concentration (mg/kg-d) HQ=0.1 ICR=1E-07
RADIONUCLIDES pCi/L @Ci)!
Strontium-90 125 - - 3.6E-11 0.13
Technetium-99 110 -- -- 1.3E-12 35
Tritium 12000 - - 5.4E-14 C 85
INORGANIC CONSTITUENTS (mg/L) (mg/kg-d)’
Chromium 0.0254 5.0E-03 0.008 -2 ~-a
Lead 0.0040 ND ND ND ND
Nickel 0.0078 2.0E-02 0.032 - -a
WET CHEMISTRY AND ANIONS (mg/L) (mg/kg-d)~!
Chloride 9.2 - - --a --a
Nitrateas N _ 6.42 1.6E+00 26 -4 -8
ORGANIC COMPOUNDS (mg/L) (mg/kg-d)~1 _
Bis(2-ethylhexyl)phthalate 0.012 2.0E-02 0.032 1.4E-02 5.9E-04
Toluene 0.009 2.0E-01 0.32 --a --a
Trichioroethene 0.001 6.0E-03 0.0096 1.1E-02 7.5E-04

Note: Shading indicates criterion exceeded, parameter retained as a contaminant of potential concern for further evaluation

-- = Not evaluated in this category

4 Not carcinogenic by this exposure pathway

HQ - hazard quotient

RfD - Reference Dose

ICR - incremental cancer risk
ND - not detected

nun JqerxdQ §-24-001
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Contaminant Weight of Oral Inhatation External Half-
Evidence SF SF SF life

Classification | Type of Cancer (pCi)'l (pCi)'1 (pCi-yr!g)'l (years)

RADIONUCLIDES

Strontium-90 A - 3.6E-112 6.2E-113 -b 2.9E+01

Technetium-99 A - 1.3E-i22 8.3E-122 6.0E-132 2.1E+05

Tritium (H-3) A - 5.4E-142 7.8E-143 b 1.2E+01

INORGANIC PARAMETERS

[Chromium (as VI) A lung - 4.2E+014 NA NA

Nitratef - - NA NA NA NA

IORGANIC COMPOUND:!

Bis(2-ethylhexyl)phthalate B2 liver [.4E-02d ND NA NA

Trichloroethene C-B2 - 1.1E-02¢ 6.0E-03¢ NA

NA

C

a Health Effects Assessment Summary Tables (HEAST) (EPA 1993a).
[ Not an external exposure hazard.
Not considered carcinogenic through this exposure pathway.
d Integrated Risk Information Systern (EPA 1994)
Le Superfund Technical Support Center (EPA 1993b)
f Not classified as a carcinogen (EPA 1994)

NA = Not Applicable

SF = Slope factor

- Not determined _

Note: Radionuclide slope factors account for the contribution of radioactive daughter products, as indicated in HEAST (EPA 1993a).
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Contaminant {Onal RD| Oral RIDA/D FConﬁdencJCﬁticnl Effec Uncertainty Modifying‘ Inhalation RfD|Inhalation RIDA:Y] Confidence] Critical Effect | Uncenainty | Modifying
mg/kg-d | (basis/source)] Level Factors | Factors mg/kg-d (basis/eource) Level Factora Factors
[INORGANICS
(Chromium (VI) | 5.0E-03 | water/[RIS L none observe 500 } ND -- -- - . -
Lead ND - - - - - ND - - - - -
Nickel 2.0E02| food/IRIS M decreased 300 1 ND - - - - -
body, organ
weight
Nitrate (as 1.6E+00} waler/IRIS H methemo- 1 1 ND - - - - -
Nitrogen) globinemia
JORGANICs
Bis- 20E902| orlIRIS M lincreased liveIJ 1600 1 ND - - - -- -
2{ethylhexyl)pht weight
halate
[Toluene 2.0E-01 | gavage/IRIS M changes in 1000 1 1.0E-01 sir/IRIS M neurological 100 1
liver and effects
kidney
weights
[Trichloroethene | 6.0E-03 -/STSC® L - 3000 1 ND - - - - -
|? 1ntegrated Risk Information System (EPA 1994).
D Health Effects Asscssment Summary Tables (EPA 1993a).
¢ Superfund Technical Support Center (EPA 1992).
L = Low.
= Mediuvm,
H = High.

RfD = Reference Dose.
ND = Not determined.
-- = Not applicable.
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Paihway e | oo | Expoe | by | A8 | oo | SRR | Comerion | nhe
Rate Factor Factor Factor

Noncarcinogens
Groundwater Ingestion 1 L/day 7 day/yr 6 yr 16 kg 6 yr 365 day/yr -- -- 1.2E-03
Fish Ingestion 54 g/day 365 diyr 30 yr 70 kg 30 yr 365 day/tr 0.5 0.001 kg/g { 3.9E-04
Nonradioactive Carcinogens
Groundwater [ngestion 2 L/day 7 day/yr 30 yr 70 kg 70 yr 365 day/yr -- - 2.3E-04
Fish Ingestion 54 g/day 365 dfyr 30 yr 70 kg 70 yr 365 day/tr 0.5 0.001 kg/g 1.7E-04
Radionuclides
Groundwater Ingestion 2 L/day 7 dayfyr 30 yr -- - - - .- 4.2E+02
Fish Ingestion 54 g/day 365 diyr 30 yr -- = - 0.5 - 3.0E+05

From HSRAM (DOE-RL 1994)
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DOE/RL-94-59
Draft A

" Table B-5 Summary of the Risk Assessment for the 100-BC-5-Operable Unit

Scenario - Recreational
Pathway - Water Ingestion

Carcinogenic Parameiers
Parameter Intake ICR
mg/kg-d

RADIONUCLIDES
[Strontium-90 ] s53E+04 2E-06
Technetium-99 4.6E+-04 6E-08
Tritium 5.1E+06 3E-07
ORGANIC COMPOUNDS
Bis(2-cthylhexyl)phthalate 2.8E-06 4E-08
Trichloroethene 2.3E-07 3E-09
TOTAL ICR 2E-06
[Note: Shading indicates criterion exceeded

Noncarcinogenic Parameters

Parameter Intake HQ
mgikg-d

INORGANIC CONSTITUENTS
(Chromium [ 0000031 | 0.006
(WET CHEMISTRY AND ANIONS
Nitrate as N | ocoo7s | 0.0
JORGANIC COMPOUNDS
IBis(2-ethylhexyl)phthalate 0.000015 0.0007
Trichloroethene 0.0000012 0.0002
TOTAL HI 0.01

Note: Shading indicates criterion exceeded
CR - incremental cancer risk
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DOE/RL-94-59
Draft A

Table B-6 Columbia River Fish Concentrations, Intakes, and Risk Summary

[Fish Source | Concentration Intake ICR
Area pCi/gd - pCi
Whitefish-carcass 100 N 3.2E02 9.5E+03 3E-Q7
Carp-carcass 100 N 1.1EQ2 3.4E+03 1E-07
[Bass-carcass 100 F 3.0E-02 8.8E+03 3E-07
'la\lote: Shading indicates criterion exceeded
From Hanford Site Environmental Data for Calendar Year 1992
(Bisping and Woodruff 1992).
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Draft A

APPENDIX C

APPLICABLE OR RELEVANT AND APPROFPRIATE REQUIREMENTS
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Altematives

£-0

Potentiaily
Descriplion Citation R&A® Requirements Remarks Affected
— = PO ———r—
Safe Drinking Water Act 42 U.5.C. 300f Creates a comprehensive national
et seq. framework to ensure the qualily and
safety of drinking weter.
National Primary 40 CFR Pan 141 R&A  Esuablishes maximum contaminant levels Applicable to public water systems. Alt
Drinking Water (MCL) and maximum contaminant level Potential chemicals and radionuclides of
Regulations goals (MCLG) for organic, inorganic, and  concern may migrate to the drinking
radioactive constituents. The MCL. for water supply as a result of remedial
combined radium-226 and radium-228 is activities. Although federal MCLGa are
3 pCi/l.. The MCL for gross alpha not enforceable standards, they are
panticle activity (including radium-226 but  potential ARARs under the Washington
excluding radon and vranium) is State Model Toxics Control Act when
15 pCi/L. The average annual more stringent than other standardy,
concentration of beta particle and photon Sce state ARARs.
radioactivity from manmade radionuclides
in drinking water shall not produce an .
annual dose equivalent to total body or
any internal organ in excess of 4
millirem/year.
ug/L
chromium 100
pCi/L
strontium-90 8
National Secondary 40 CFR Pan 143 R&A  Controls contaminants in drinking water Although federsl secondary drinking All
Drinking Water that primarily affect the aesthetic qualities  water standards are not enforceable,
Regulations relating to the public acceptance of they are poiential ARARs under the
drinking water. Washington State Model Toxics Control
Act when more stringent than other
ug/L  standards. See stale ARARs.
aluminum 50-200
Ambient Water Quality A Sets acute and chronic constituent All
Criteria concentrations for the protection of
surface waters.
Chromium {chronic} ) pg/L

Chromium (acute)

16 pg/L
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Allcrnatives

A/ Potentially
Description Citation R&A* Requirements Remarks Affected
——— AL o - - —
Solid Waste Disposal Act, as 42 U.S.C. 6901 Establishes the basic framework for
amended by the Resource el seq. federal regulstion of solid and hazardous
Conservation and Recovery waste,
Act (RCRA)
Groundwater 40 CFR §264.92 A A facility shall not contaminate the Groundwater concentration limits in this  GW-4, GW-5, GW-6,
Protection Standards [WAC 173-303-6 uppermost aquifer underlying the waste seclion do not exceed 40 CFR 141,
45) management area beyond the point of except for chromium which has a limit

compliance, which is a vertical surface
focated st the hydraulically downgradient
limit of the wastc management area that
extends down into the uppermost aquifer
underlying the regulated ares. The
concentration of certain chemicals shall
not exceed background levels, cerain
specified maximum concentrations, or
alternate concentration limits, whichever
is higher.

ngll
chromium 50

of 50 pg/L.

*NOTE: A = Applicable, R&A = Relevant and Appropriate

(Z Jo 7 3eg)
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'*These are State of Washington regulatory citations which are equivalent to Title 40 Code of Federal Regulations, Parts 264 and 268 as stated in Washington

Administrative Code 173-303.
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A/
Description Citation R&A* Requirements Remarks
— — .
Model Toxics Coatrol Act 70.105D RCW Requires remedial actions to attain & degree
(MTCA) of cleanup protective of human heaith and
the environment.
Cleanup Regulations WAC 173-340 Establishes cleanup levels and prescribes
methods to calculate cleanup levels for soils,
groundwaler, surface water, and sir.
Groundwater Cleanup  WAC 173-340-720 A Requires that where the groundwater is a Federal MCLG for drinking water
i Standards potential source of drinking water, cleanup (40 CFR Part 141) and federal
levels under Method B must be at least as secondary drinking water regulation
i stringent 48 concentrations established under  standards (40 CFR Part 143) are
1 applicable siate and federsl laws, including potentis] ARARs under MTCA when
' the following: they are more stringent than other
{A) MCL cstablished under the Safe standards, Method B cleanup levels
Drinking Water Act and published in 40 are levels applicable to remedistion at
CFR 141, as amended; Hanford unless a demonmration can
(B) MCLG for noncarcinogens estsblished be made that method C (alternate
under the Safe Drinking Water Act and cleanup levels) is valid.
o published in 40 CFR 141, as amended;
' (C) Secondary MCL established under the Method B ugh
s Safe Drinking Water Act and published in 40 July 1993 update tables
CFR 143, as amended, 23 established by the  chromium VI 80
state board of health and published in
Chapier 248-54 WAC, as amended.
Surface Water Cleanup WAC 173-340-730 A Requires surface water cleanup levels to be

Standards

based on estimates of the highest beneficial
use and the reasonable maximum exposure
expected to occur under both current and
potential future site use conditions.

MTCA method B values from the
July 9, 1993 MTCA Cleanup
Standards Database:

Chromium (VI) 80 up/L

Alternatives
Potentially

All

Affected

All

(€ Jo 1 28eg)
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Description
—

Ciuation R&A*

Requirements Remarks

Ahematives
Potentially
Affected

Water Pollution Control

Surface Water Quality
Suandards

General Water Use
and Criteria Classes

90.48 RCW
WAC 173-201A

WAC 173201 A- A
030

Sets surface water quality standards for the
state.

Standards for surface waler designated ‘The Hanford reach of the Columbia
“Class A* include: freshwater temperature River is classified "Class A"
shall not exceed 18.0°C due to human

activitien. Tempersture increases shall not at

any lime exceed t = 28/T+7 where "”

represents the maximum permissible

temperature increase messured at a dilution

zone boundary and "T* represcnts the

background temperature 48 measured at a

point or points unaffected by the discharge

and representative of the highest ambient

water temperature in the vicinity of the

discharge.

When natural conditions exceed 18.0°
(freshwater) and 16.0° (marine water), no
temperature increase will be allowed which
will raise the receiving water temperature by
greater than 0.3°C.

Provided thal temperature increase pesulting
from nonpoint source activilies shall not
exceed 2.8°C, and the maximum water
temperature shatl not exceed 18.3°C
(freshwater),

pHi shall be within the range of 6.5 to 8.5
{freshwater) with & man-caused variation
within a range of less than 0.5 units.

GW-3, GW-6

Toxic Substances

WAC A
173-201 A-040

Sets surface water limits for toxic
subsiances. Freshwaler limits in micrograms
pec liter for 100 Area contaminants are:

{acute) (chronic)
Chtomium 16.0r 11.0*

*A one-hour average concentration not to be
exceeded more than once every three years,
*A four-day average concentration not to be
exceeded more Lthan once every three years.

All

(€ Jo 7 33ey)
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Description Citation

Radiation Protection — Air WAC 246-247
Emissions

New and Modified Sources WAC 246-247-070

Alternatives
Potentially
Requirements Affected

Estabitishes procedures for monitoring,
control, and reporting of sitborne
radionuclide emissiona,

Requires the use of best available Al
radionuclide control technology (BARCT),

Radiation Prolection Standards WAC 246-221

Radiation dose 10 WAC 246-221-010
individuals in restricted

L xrens

Establishes standards for protection againat
radiation hazards.

Specifies dose limits 10 individuals in Al
restricled areas for hands and wrists, ankles

and feet of 18.75 rem/quarter and for skin of

7.5 rem/quarter.

*NOTE: A = Applicable, R&A = Relevant and Appropriate
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Requirements

Remarks

Alternatives
Potentially
Affected

than 100 mrem from all exposure pathways, except
under specified circumstances.

Safe Drinking Water Act 42 U.S.C. 300f
et seq.
:; National Primary 40 CFR 141 Proposed maximum contaminant Jevel gotls (MCLGs)  Federal MCLGs are ARAR under MTCA Al
Drinking Water (Federal Register, July 18, 1991) are: when they are more stringent than other state
Regulations stsndards.
Contaminant MCLG
Radium-226 zero
Radium-228 zero
Uranium zero
i Gross alpha emitters zero
i Beta and photon emilters zero
National Primary FR Vol. 56, Provides numerical standards for radionuclides . When promuigated, these proposed rules All
Drinking Water No. 138, July corresponding to 4 mrem/yr dose through drinking will replace sections in 40 CFR 141 and 142
Regulations; 18, 1991 water as follows (pCi/L):
Radionuclides - Proposed Tritivm 69,040
Rules Carbon-14 3,200
a Strontium-90 42
) Technitium-99 3, 7%
o Uranium-235 145
Saolid Waste Disposal Act, as 42 U.8.C. 6901
smended by RCRA et seq.
Corrective Action for 40 CFR 264 Estabilishes requirements for investigation and GW-4, GW-5,
; Solid Waste Management  Subpant S, cotrective action for releases of hazardous waste from GW-6
: Units proposed solid waste management unita.
U.S. Department of Energy
Orders
Radiation Protection of DOE 5400.5 Establishes radiation protection standards for the
the Public and the public and environment.
N Environment
Radiation Dose Limit (All DOE 5400.5, The exposure of the public to radiation sources as & Pertinent if remedial activities are "routine All
Pathways) Chapter 11, conssquence of all routine DOE activities shall not DOE activities.”
Section la cause, in a year, an effective dose equivalent grester

(Z Jo 1 33ey)
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Section 1d DOE so that persons consuming water from the supply
shall not receive an effective dose equivalent greater
than 4 mrem per year. Combined radium-226 and
radium-228 shall not exceed § x 10", Ci/mL and gross
alpha activity (including radium-226 but excluding
radon and uranium) shall not exceed 1.5 x 10*
pCi/mL.

Alternatives
Potentially
Description Citation Requirements Remarks Affected
— e ________________ _______________
Radiation Dose Limit DOGE 5400.5, Provides a level of protection for persons consuming Pertinent if radionuclides may be released Al
{Drinking Water Pathway)  Chapter II, water from a public drinking water supply operated by  during remediation.

6-0
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Description

Citation

R&A*

Reguirements

Federal Water Pollution Control Act
(FWPCA), as ameaded by the Clean
Water Act of 1977 (CWA)

The National
Pollutant
Discharge
Elimination
System (NPDES)

NPDES Criteria
and Standards

" Discherge of Qil

33 US.C. 1251
€l seq.

40 CFR Pant 122 A

40 CFR
§125.104

40 CFR Pant 110 A

Creates the basic national frrmework for
water pollution control and water quality
management in the United States.

Pant 122 covers establishing technology-
based limvilations and standards, control
of toxic pollutants, and monitoring of
effluent to assure limits are not
exceeded,

Best management practices program
shall be developed in accordance with
good engineering practice,

.Prohibits discharge of oil that violates

applicable water quality standards or
causes a sheen of oil on water sutface.

-

Alternatives
Potentially
Affected

Applicable to discharges of pollutants to
navigable waters.

Applicable if remediation includes
wastewater discharge; also applies 10
storm water runoff associated with
industrial activities. Effluent limitations
established by EPA and included in
NPDES permit.

Runoff from site will need control for
oily waste discharge to waters of the
United States.

GW-5, GW-6

Al

Safe Dricking Water Act (SDWA), as

amended

Underground
Injection Control
(VIC) Program

Crileria and
Standards for the
Underground
Injection Control
(UIC) Program

42 U.S.C. 300
el seq.

40 CFR Pant 144 A

40 CFR Pant 146 A

Creates a comprehensive national
framework designed to ensure the
quality and safety of drinking water
supplies.

Identifies the minimum requirements for
UIC programs. Requires atl Ul wells to
be permilled and describes permitting
procedures.

Establishes siting, construction,
operating, monitoring, and closure
requirements for all classes of injection
wells. {Criteria and standards for class
IV wells are reserved at this time.)

Applicable to public water systems.

Applicable for remedial action involving
reinjection of groundwater.

Applicable for remedial action involving
reinjection of groundwater,

GW-5

GW-5

Solid Waste Disposal Act as amended
by the Resource Conservation and
Recovery Act (RCRA)

42 U.5.C.6901 a1
#eq.

Establishes the basic framework for
federal regulation of solid waste.
Subpart C of RCRA controls the
gencration, transportation, ircatment,
storage, and dispossl of hazardous waste
through a comprehensive “cradle 10
grave” system of hazardous waste
management techniques and
requirements.

Hazardous wasie generated by site
remediation activities must meet RCRA
generator and treatment, storsge, or
disposal (TSD) requirements.
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Description

Identification and Listing of
Hazardous Waste

Standards Applicable to
Generators of Hazardous
Waste

Accumulation
Time

Standards for Owners and
Operators of Hazardous
Waste Treatment, Storage,
and Disposal Facilities

Land Disposal
Restrictions

(LDR)

Treatment
Standards

Citation

40 CFR Part 261
[WAC 173-303-
016)

40 CFR Pan 262
[WAC 173303

40 CFR §262.34
[WAC 173-303-
200)

40 CFR Pant 264
[WAC 173-303]

40 CFR Part 268
(WAC 173-303-
140-

WAC 173-203-
141)

40 CFR
$8268.40- 268.44
[WAC 173-303-
140)

A

A

A

Requirements

Altermatives
Potentially

Remarks Affecied

Identifiea by both listing and
characterization, those solid wastes
subject to regulation as hazardous wastes
under Parts 261-265, 268, and 27"0.

Describes regulatory requirements
imposed on generators of hazardous
wastcs who Ireat, store, or dispose of the
waste on-site,

Allows a generator 10 sccumulate
hazardous waste on-site for 90 days or
less without a permit, provided that sl
waste is comtainerized and labeled.

Establishes requirements for operating
hazardous waste trestment, storsge, and
disposal facililies.

Generally prohibits placement of
restricled RCRA hazardous wastes in
land-based units such as landfills,
surface impoundments, and waste piles.
Prohibits storage of restricted wante for
longer than one year unicss the
owner/operator can prove slorage. is
necessary to facilitate proper recovery,
treatment, or disposal.

Establishes treatment standards that must
be met prior to land disposal.

Applicable if remediation techniques
resull in generation of hazardous wastes.

GW-5, GW-6

Applicable if remediation techniques
reaull in generation of hazardous waste.

Hazardous waste removed from the 100-
Area operable units, and waste treatment
residues, are subject to the 90-day
generalor accumulation requirements il
the waste is stored on site for 90 days or
less. [If hazardous waste is stored for
more than 90 days, the full permitting
standards for TSD facilities must be
met.

GW-5, GW-6

Applies to facilities put in operation
since November 19, 1980. Facilities in
operation before that date and existing
facilitics handling newly regulated
wastes must meet simitar requirements
in 40 CFR Part 265. Applies if
remediation technique resulta in on-site
treatment, slorage, or disposal of
hazardous waste.

Applicable unless wastes have been
treated, treatment has been waived, a
treatment variance has been set for the
wasle, an equivalent treatment method
petition has been approved, a no-
migration petition has been approved, or
the waste has been delisted.

GW-5, GW-6

Applicable if wastes contain RCRA
hazardous conatituents.,

GW-5, GW-6
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— - — ———— —
Alternatives
Al Potentially
Description Citation R&A* Requirements Remarks Affected
— — ____________-_-—
Clean Air Act, as amended 42 U.8.C. 7401 A comprehensive environmental law
et seq. designed to regulale any activities that
affect air quality, providing the national
framework for centrolling air pollution.
National Primary and 40 CFR Pant 50 Sets National Ambient Air Quality
Secondaty Ambient Air Standards for ambient pollutants which
Quality Standards are regulated within a region.
Air Standards for 40 CFR §50.6° A Prohibits average concentrations of A potential for particulate emissions GW-5, GW-6
Particulates particulate emissions in excess of 50 exists during material handling or
micrograms/m* annually or 150 treatment, including incineration.
micrograms/m* per 2¢-hour period.
Air Standards for 40 CFR §50.12 A The nationa] primary and secondary Applicable if particulates suspended GW-5, GW-6
Lead ambient air quality standard for lead and  during remedial activities are
its compounds measured as clemental conlaminated with lead, or if
lead are 1.5 micrograma per cubic remedintion includes incineration.
meter, maximum arithmetic mean
averaged over a calendar quarter.
National Emissions 40 CFR Pan 61 Establishes numerical standards for
Standards for Hazardous Air hazardous air pollutants.
Pollutants (NESHAP)
Radionuclide 40 CFR §61.92 A Prohibits emissions of radionuclides to Applicable 10 incinerators and other GW-3, GW-§

Emissions from
DOE Facilities
(except Airborne
Radon-22112)

the ambicnt air exceeding an effective
dose equivalent of 10 mrem per year.

remedial technologies where air
emission may occur,

*NOTE: A = Applicable, R&A = Relevant and Appropriate
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Ahlternatives
AS Potentially
Description Citation R&A* . Requirements Remarks Affected
) - ——
Department of Ecology 43.21A RCW Vests the Washington Department of
Ecology with the authority 10 undertake the
sate air regulation and management
program.
Air Pollution WAC 173400 Establishes requirements for the control Applicable if emission sources are
Regulations ' and/or prevention of the emission of air creatied during remedial aclion.
conlaminants.
Standards WAC 173-400-040 A Requires beat available control technology Applicable to dust emissions from GW-2, GW-3,
for be used to control fugitive emissions of cutting of concrete and metal and OowW-4, GW-§,
Maximum dust from materials handling, construction,  vehizular traffic during remediation. GW-6
Emissions demolition, or any other activitics that are
sources of fugitive emissions. Restricts
emitted particulates from being deposited
beyond Hanford. Requires contro! of odors
emitted from the source. Prohibits masking
or concealing prohibiled emissions.
Requires measurcs to prevent fugitive dust
from becoming sirborne,
Emission Limits {or WAC 173480 Controls air emissions of radionuclides Applicable to remedial activities that
Radionuclides from specific sources. result in air emissions.
New and WAC 173-480-060 A Requires the best available radionuclide Applicable to remedial actions that result  GW-3, GW-4,
Modified control technolegy be wiilized in planning in air emissions. GW-5, GW-6
Emission constructing, installating, or establishing a
Units new emission unit.
Washington Clean Air Act RCW 70.94
Controls for New WAC 173-460 Establishes systematic control of new
Sources of Toxic Air sources emilling toxic air pollutamts.
Pollutants
Demonstrati WAC 173-460-080 A Requires the owner or operator of a new Applicable 10 remedial alternative with GW-3, GW-4,
ng Ambient source lo complete an accepiable source the potential Lo release toxic air GW-5, GW-6
Impact impact level analysis using dispersion pollutants.
Compliance modeling Lo estlimate maximum incremental

ambient impact of each Class A or B toxic
air poliutant, Establishes numerical limits
for amall quantily emission rates.

(€ 30 1 33eq)
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Description Cilation R&A*

Reguirements

Allematives
Potentially
Remarks Affected

Harardous Waste Management 70.105 RCW
Act of 1976 as amended in 1980

Establishes a statewide framework for the
planning, regulation, control, and
management of hazardous waste.

Establishes the design, operation, and
moniloring requirements for menagement of
hazardous waste.

Includes requirements for generators of -
dangerous waste. Dangerous waste
includes the full universe of wastes
regulated by WAC 173-303 including
extremely hazardous waste.

_ and 1983
— Dangerous WAC 173-303
Waste
Regulations
i Model Toxics Control Act T0.105D RCW
Hazardous Waste WAC 173-340

Cleanup Regulations

Authorizes the state to investigate releases
of hazardous substances, conduct remedial
aclions, carry out state programs authorized
by federal cleanup laws, and wke cther
actions.

Addresses releases of hazardous substances
caused by past activities, and potential and
ongoing releases from current activities,

Applicable 10 facilities where hazardous
substances have been released, or there
is a threatencd release that may pose a
threat lo human health or the

Q environment.
J—
R Selection of  WAC 173-340-360 R&A Establishes cleanup requirements to include Al
Cleanup in cleanup plans. Identifics technologies to
Actions be considered for remediation of hazardous
substances.
Cleanup WAC 173-240-400 R&A Ensures that the cleanup aclion is designed, All
i Actions constructed, and operated in accordance
] with the cleanup plan and other specified
: requirements.
Institutional WAC 173-340-440 R&A Requires physical measures such as fences GW-1, GW-3,
Controls and signs to limit interference with cleanup, GW-4, GW-5,
and legal and administrative mechanisms to GW-6
enforce them.
- Regulation of Public 90.44 RCW R&A Sets requirements for withdrawal and Applicable if remediation includes GW-3, GW-§,
Groundwater management of state groundwater. groundwater withdrawal. GW-5

(€ Jo 7 ?deqd)
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"The Hazardous Waste Management Act and regulstions pucsuant to the Act provide the statutory and regulatory basis for stale authorization to implement RCRA.  State of Washington regulations
that are equivalent 1o RCRA regulations are cited in brackets in the federal ARARs. The WAC 173-303 regulations cited in this section are those judged to be more siringent than RCRA regulations.
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A
Dexcription Citation R&A*
Solid Waste Management Act 70.95 RCW
Minimum Functional WAC 173-304

Suandards for Solid
Waste Handling

On-site

Containerize

d Storage,

Collection,

and

Transportati
on Standards

WAC 173-304-200 R&A

Requirements

Remarks

Alternatives
Potentially
Affected

Establishes a statewide program for solid

wante handling, recovery, and/or recycling.

Establishes requirements to be met
statewide for the handling of all solid
waste.

Seta requirements for containers and
vehicles to be used on site; requires
monthly inspections and retention of
inspection records for at least two years.

Applicable if management of solid waste
occurs during remediation. Solid waste
controlled by this Act includes garbage,
industrial waste, construction waste,

ashes, and swill,

Water Pollution Control Act

Siate Waste Discharge

Permit Program

Permit
Terms and

Conditions

90.48 RCW

WAC 173-216

WAC 173-216-110 R&A

Prohibits discharge of polluting matter in
waters.

Implements a state permit program,
applicable to the discharge of waste
materials from industrial, commercial, and
municipal operations into the ground and
surface waters of the slate. Excludes
discharges under NPDES and underground
injection control programs.

Requires the use of all known, available,
and reasonable methods of prevention,
conirol, and treatment.

GW-5, GW-6

Water Well Construction Act

Standards
for
Construction
and
Maintenance
of Wells

18.164 RCW

WAC 173-160 A

*NOTE: A = Applicable, R&A = Relevant and Appropriate

Establishes minimum standards for design,
construction, capping, and sealing of all
wells; sets additional requirements
including disinfection of equipment,
abandonment of wells, and quality of
drilling water.

Applicable if water supply wells,
monitoring wells, or other wells are

utilized during remediation.

GW-2, GW-3,
GW-4, GW-S,
GW-6

(€ Jo € ?8eq)
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Description

U.S. Depariment of Energy
Orders

Radiation Protection of
the Public and the
Environment

Citation

DOE 5400.5

Alernatives
Potentially

Requirements Affected

Establishes sandards and requirements for All
openations of DOE and DOE coniractors

respecting protection of the public and the

environment against undue risk of mdiation.
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Description

Citation

Requirements

Archaeological and Historical
Preservation Act of 1974

16 U.S.C. 469

Requires action to recover, and preserve
arttifacts in arcas where activity may cause
irreparable harm, loss, or destruction of
significant atifacts,

Remarks

Alternatives
Potentially
Affected

Applicable when remedial action threatens

significant scientific, prehistorical, historical,

or archeological data.

GW-2, GW-3,
GW-4, GW-5,
GW-6

Endangered Species Act of 1973

i Fish and Wildlife Services
! List of Endsngered and
Threatened Wildlife and Plants

16 US.C. 1531 et
seq.

50 CFR Parts 17,
222, 225, 226, 227,
402, 424

Prohibits federal agencies from
jeopanrdizing threatened or endangered
species or adversely modifying habitats
essential to their survival.

Requires identification of activitics that

may affect listed species. lactions must
nol threaten the continued existence of a
listed species or destroy critical habitat.

Requires consultation with the Fish and

Wildlife Service to determine if threatened or

endangered species could be impacted by
activity.

All

Historic Sites, Buildings, and
Antiquities Act

L1-D

16 U.S.C. 46!

Establishes requirements for presarvation
of historic siles, buildings, or objects of
national significance, Undlesirable
impacta 10 such resources must be
mitigated. )

GW-2, GW],
GW-4, GW-5,
GW-6

National Historic Preservation Act
of 1966, as amended.

16 U.S.C. 470 1
8eq.

Prohibits impacts on culisral resources.
Where impacts are unavoidable, requires
impact mitigation through design and data
recovery. .

Applicable to properties lisied in the National

Register of Historic Places, or eligible for
such listing.

GW-2, GW-3,
GW.4, GW.-5,
GW-6

Solid Waste Disposal Act, as
amended by the Resource
Conservation and Recovery Act
: (RCRA)

Criteria for Classification of

Solid Waste Disposal
|| Facilities and Practices

Floodplains

42 US.C. 6901 a1
3eq.

40 CFR 257

40 CFR §257.3-1

Establishes the basic framework for

federat regulation of solid #nd hazardous
waste. :

Sets crileria for determinirr’:g which solid
waate disposal facilities and practices pose
a reasonsble probability of adverse cffects
on health or the environmént.

Prohibits facilities or practices in
floodplains from restricting the flow of
the base flood, reducing the temporary
water storage capacity of the floodpiain,
or causing washout of solid waste, so as
to pose a hazard to human life, wildlife,
or land or water resources.

GW-5, GW-6,

( Jo 1 3Beg)
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Description Citation A Requirements Remarks Alernatives '
R&A* Potentially
Affected
Endangered Species 40 CFR §257.3-2 A Prohibits facilities or practices from All

causing or contributing to the wking of
any endangered or threatened species of
plants, fish, or wildlife. Prohibits
deatruction or adverse modification of
habilat of endangered or threatened
specien.

Wild and Scenic Rivers Act 16 U.S.C 1271 R&A Prohibits federal agencies from The Hanford Reach of the Columbia River is GW-3, GW-4,
recommending authorization of any water  under study for inclusion as & wild and scenic  GW-5, GW-6

resource project that would have a direct
and adverse effect on the values for which
a river was designated as a wild and
scenic river or included as a study area.

river.

*NOTE: A = Applicable, R&A = Relevant and Appropriate

3
&
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Requirements

Prescribes action 10 protect bald eagle
habitat, such as nesting or roos sites,
through the development of a site
management plan.

Applicable if the areas of remedial
activities includes bald cagle habi,

Alternatives
Potentially

Al

Description Citation
Habitat Buffer Zone for Bald RCW 77.12.655
Eagle Rules
Bald Eagle Protection WAC 232-12-292
Rules
Regulating the Taking or " RCW 77.12.040
Possessing of Game

Endangered, Threatened,
or Sensitive Wildlife
Species Classification

WAC 232-12-297

Prescribes action 1o protect wildlife
clagsified as endangered, threatened, or
sensitive, through development of a nite
management plan.

Applicable if wildlife classified as
endangered, threatened, or sensilive are
present in areas impacted by remedial
activities.

All

*NOTE: A = Applicable, R&A = Relevant and Appropriale
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Allemnalives

Potemially !
Description Citation Requirements Remarks Affected
= — — — —— =
Floodplains/Wetlands 10 CFR Part 1022 Requires federal agencies to avoid, to the extent

Environmental Review

possible, adverse effects associated with the

development of a floodplain or the deatruction or
loss of wetlands.

Pertinent if remedial activities take place in
2 floodplain or wetlands.

Protection and
Enhancement of the
Cultural Environment

Executive Order
11593

Provides direction to federal agencies 1o preserve,
restore, and maintain cultural resources.

Pertains 10 sites, structures, and objects of
historical, archeological, or architectural
significance.

Hanford Reach Study
Act

P.L. 100-605

Provides for a comprehensive river conservation
study. Prohibits the construction of any dam,
channel, or navigation project by a federal agency
for 8 years afier enactment. New federal and
non-federal projects and activities are required, to
the extent practicable, to minimize direct and
adverse effects on the values for which the river is
under study and to utilize existing structures.

This law was enacted November 4, 1988. GW-1, GW4,
GW-5, GW-6

O4.L Y2dS-uoned0 [enualed 6-J AqEL
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APPENDIX D
DETAILED DESCRIPTIONS OF REMEDIAL ALTERNATIVES FROM THE

100 AREA FEASIBILITY STUDY PHASES 1 AND 2
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- 1.0 GROUNDWATER REMEDIAL ALTERNATIVE DESCRIPTIONS

The alternatives considered for treatment of the 100 Area groundwater operable unit
were developed and screened in the 100 Area Feasibility Study Phases 1 and 2 (DOE-RL
1994a). This section of the FFS presents detailed descriptions of each groundwater
alternative retained from the 100 Area FS for more detailed analysis. The descriptions for
these alternatives (referred to as the general alternatives) are expanded from the information
presented in the 100 Area FS and are modified as needed to reflect new information gathered
since preparation of the FS. These alternative descriptions will be modified (as needed) to
reflect site-specifics in the individual operable unit FFS.

1.1 ALTERNATIVE GW-1

1.1.1 Description

Alternative GW-1, the no action alternative, is required by the NCP to serve as a
baseline for evaluation of other alternatives. The no action alternative may be selected for
sites where contamination does not exceed the level of unacceptable risk, where site
contamination is in compliance with ARAR, where short-term risks associated with the

******* - —-—--remedial actionexceed-the risk of no-action, or-where-the cost of remediation is excessive
compared to the benefit gained in risk reduction. The no action alternative assumes no

.——.—. __ further action at a site.. For example, no action for the groundwater operable unit consists of

continued existing groundwater monitoring events. The contamination is allowed to dissipate
through natural attenuation processes. For radionuclides this is mainly natural radioactive
decay. The effectiveness of the natural attenuation process is related to the half-life of the
radionuclide and the affinity of the radionuclide to sorb to the Hanford soils. For other
contaminants, such as chromium, the major attenuation factor is advection/dispersion which
depends on natural groundwater flow and the river flushing action to reduce concentrations.

1.2 ALTERNATIVE GW-2

A single alternative has been developed for the GRA of institutional controis
(designated Alternative GW-2). The remedial technologies and associated process options
specified for this alternative in the 100 Area FS Phases 1 and 2 (DOE-RL 1994a) have been
madified. Based on the requirement to consider only the recreational use scenario,
identification of an alternate water supply for residential, industrial, or agricultural use is no
longer necessary. Therefore, the institutional controls proposed to prevent access to
contaminated groundwater plumes beneath the 100 Area are:

. access restrictions:
- deed restrictions
- water rights restrictions
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e monitoring:
- groundwater monitoring.

1.2.1 Description

The institutional controls alternative for groundwater involves restricting access to
contaminated sites within the 100 Area. The restrictions included in this alternative are
unique to groundwater media. Types of restrictions are defined as follows:

. Deed restrictions may be established to place limitations on groundwater use.
These limitations could specify restrictions on acceptable groundwater uses and
may take the form of covenants that limit activities resulting in human contact.
Deed restrictions may include a prohibition on groundwater use or less
stringent limitations on use for off-site farming and industrial activities.

. Water-rights restrictions limit access to contaminated groundwater, The
water-rights restrictions could be imposed by deed restrictions, as discussed
above, or by designated use, should the title to the 100 Area remain with the
federal government. Water-rights restrictions merely designate the acceptable
use of 100 Area groundwater (if at all) for recreational use, such as temporary
drinking water, This action may require an additional change in water-rights
administration to be effective. At this time, no state water-rights restrictions
are necessary if consumptive use is <5,000 gal/day (WAC 173-160-040).

In addition to restricting groundwater use and access to groundwater, the institutional
action alternative also includes groundwater and environmental monitoring. Monitoring will
be required to determine if and when institutional controls to restrict access to groundwater

are no longer necessary.

Institutional controls are assumed to be in place during the period of DOE control.
After DOE release of the site, deed and water rights restrictions can be implemented to
prevent access.

1.3 ALTERNATIVE GW-3

Alternative GW-3 has been developed as a containment GRA. The objective of
Alternative GW-3 is to eliminate source to receptor pathways by preventing migration of
contaminated groundwater to environmental resources, such as the Columbia River, and
preventing further migration of contaminated groundwater outside the operable unit. In order
to achieve this objective, Alternative GW-3 is designed to isolate and contain existing
contaminant plumes. Through the use of cutoff walls and extraction/injection wells,
contaminant plumes would be contained to prevent migration and isolated to prevent further
contamination of the unconfined aquifer. In addition to containment and isolation of
contaminant plumes, this remexial action would be implemented to minimize overall effects
on the general hydrologic conditions of the unconfined aquifer. The containment alternative

D-4
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objectives must be maintained until natural attenuation reduces concentrations to acceptable
levels or until alternate cleanup standards can be negotiated and agreed upon by the parties to
the Tri-Party Agreement. Contaminants that are persistent in the environment especially may
require additional remedial action or determination of alternate cleanup levels.

1.3.1 Description

Alternative GW-3 was initially developed in the 100 Area FS Phases 1 and 2
(DOE-RL 1994a). The alternative initially developed forms the baseline from which
modifications are made for application to the 100-HR-3 Operable Unit. The general
description of this alternative is based on the remedial technologies and associated process
options specified in the 100 Area FS for containment of contaminated groundwater plumes
beneath the 100 Area:

. vertical barriers:
- cutoff walls

. hydraulic controi:
- extraction wells
- injection wells (as necessary)

. monitoring:
- groundwater monitoring.

1.3.1.1 Cutoff Wall Options. The general description of this alternative includes several
subsurface barrier (cutoff wall) technologies that are potentially applicable in the 100 Area.
A cutoff wall is a subsurface barrier designed to prevent the flow of contaminated
groundwater. Several cutoff wall technologies are available that may be applicable in the
100 Area depending on site-specific conditions and requirements. Each technology has
advantages and disadvantages based on the specific applications. Therefore, no one specific
cutoff wall technology will be universally applicable in the 100 Area. The cutoff wall
technologies considered potentially applicable in the 100 Area are:

slurry wall

deep soil mixing
sheet piling
injection grouting.

The specific cutoff wall technology selected to represent the containment alternative
will be determined on an operable unit-specific basis. In this manner, the cutoff wall
technology most applicable to operable unit site-specific conditions and requirements can be
specified.

In situations where subsurface barriers may not be applicable due to technical

limitations such as wall depth requirements, hydraulic control measures may be specified as
the method of contaminant plume containment. Hydraulic control provides containment by

D-5
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extraction of contaminated groundwater from the downgradient front of the plume followed
by reinjection in the upgradient portion of the plume. Continuous extraction and injection
can effectively isolate contaminant plumes, but are considered operating and maintenance
intensive compared to vertical barriers. This method of containment would only be used in
__._sityations where the use of a subsurface barrier is not-applicable. This alternative does not
represent a complete solution for persistent contaminants but is consistent with the IRM
approach and with the final remedy.

1.3.1.1.1 Slurry Walls. Typical slurry wall construction involves trench excavation
under a slurry. The slurry provides hydraulic shoring to maintain the integrity of the trench
while at the same time forming a low permeability filter cake on the trench walis that
prevents fluid loss into the surrounding soil. Once a portion of the trench has been
excavated to depth, a backfill material is added. In this manner, excavation and backfilling
occur simultaneously until the wall is complete. The completed wall is designed to be less
permeable than the surrounding native soil and thereby forms a barrier to groundwater flow.

Backfill materials commonly used in slurry wall construction include mixtures of
bentonite slurry and soil, or mixtures of cement, bentonite, and water. Slurry walls
constructed of soil/bentonite are generally the least permeable, least susceptible to
contaminant degradation, and least expensive (Spooner et al. 1985). Slurry walls constructed
of cement/bentonite are generally easier to install, provide more strength, and can be
installed to greater depths (Spooner et al. 1985).

The depth of a slurry wall is dependent on the depth of the aquitard beneath the
contaminant plume. To ensure effective containment of contaminant plumes, slurry walls
‘must be keyed-in to a low permeability or aquitard zone beneath the aquifer. In the case of
the 100 Area, this aquitard may be a silty sand zone that separates the coarse sand and gravel
zones in the unconfined aquifer or a paleosol/overbank deposit at the base of the unconfined
aquifer. However, if contaminant plumes extend throughout the Ringold aguifers, the clay,
silt, and fine sand of the Ringold lower mud unit ("Blue Clay") may be the nearest aquitard.
In any case, the required depth of the slurry wall will depend on the nearest aquitard.

Filter cake formation regulates the amount of slurry lost to the surrounding soils.
Formation of the filter cake depends on the permeability of the soil, pore size, type of slurry,
and any additives used. In gravel beds, which allow groundwater velocities of 1 to
10 cm/sec, the pores are too large to be easily closed. Fines, such as sand, are used in these
cases to assist pore space blockage. Slurries are typicaily mixed with up to 10% fines to
assist formation of the filter cake. The Hanford formation is classified as a sandy gravelly
unit with a water movement rate of about 0.1 cm/sec (DOE-RL 1993b). Generally, a
bentonite/soil slurry would be chosen because of its low permeability; however, sand or
other fines may be added to the slurry to increase filter cake formation. Testing must be
done on the specific soil conditions to determine the need to add fines.

The equipment used for excavating slurry wall trenches is also dependent on the
required wall depth and the former is limited by the maximum digging depth capabilities of
the machinery. In general, long-reach type backhoe equipment can provide excavation depth
up to approximately 24 m (80 ft) (Spooner et al. 1985). Draglines or clamshell excavation
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equipment is typically required for depths >24 m (> 80 ft) (Spooner et al. 1985). The
presence of large rock or boulders can present problems during the implementation phase.
Most of the large bouiders are associated with the Hanford formation; the Ringold Formation
generally does not contain these boulders. The potential for large boulders is reduced by
placing the wall as close to the river as possible because the Hanford formation has often
been eroded in this area. By placing the barrier ciose to the river, the effectiveness is
increased and the need to excavate through the Hanford formation is minimized.

Slurry preparation and placement generally requires raw material areas, mixing
equipment, transport equipment, storage ponds, and cleaning equipment. Raw materials
required for a siurry mixture include water, bentonite, cement (if specified), and soil
(engineered if necessary). Formation of the slurries can be accomplished with venturi (flash)
mixers or paddle (vortex) mixers (Spooner et al. 1985). Storage ponds provide surge
capacity for continuous application of slurry into excavation trenches. Pumps, pipes, valves,
hoses, and other associated fitting and tools are required to move the slurry from mixing area
to the storage pond or from storage pond to the excavation.

Backfill preparation and placement also requires raw materials storage, mixing,
transport, and placement equipment. Backfilling is generally less complicated than slurry
preparation and placement. Raw materials include bentonite, soil, and cement (if necessary).
Mixing is generally carried out with bucket loaders or bulidozers, but can also be
accomplished mechanically with a pugmill. Initial placement of backfill in the trench
requires a clamshell to lower the material to the bottom. This prevents segregation of
backfill particles and entrapment of slurry pockets with the backfill (Spooner et al. 1985).
Thereafter, a bulldozer or bucket loader can simply push backfill into the trench.

Should future removal of the siurry wall be required, the wall can be excavated,
drilled and perforated, or broken by biasting in order to allow groundwater movement
through the barrier similar to initial conditions (prior to remedial action).

1.3.1.1.2 Deep Soil Mixing. Deep soil mixing is a commercially available
technology for construction of vertical barriers with properties similar to slurry walls. The
deep soil mixing technique uses a crane-mounted boring/mixing tool containing injection
nozzles. The tool is initially driven into the soil formation to the required cutoff wall depth.
The tool is then partially withdrawn (approximately half the cutoff wall depth) to begin
injection of slurry material. As injection continues the tool is driven back down to the
required cutoff wall depth. Injection is continued until the tool is completely withdrawn.
The tool mixes the slurry and soil throughout the injection process. The slurry materials
selected for injection are typically cement, bentonite, or cement-bentonite mixtures,
depending on the required permeability. The cutoff wall is formed by installation of a
continuous series of overlapping columns.

The primary advantage of deep soil mixing is that the technique does not require
removal of contaminated soil. Mixing occurs in the subsurface without exposing workers
and the environment to contaminated soil and groundwater. The technique essentially
eliminates disposal requirements, handling contaminated materials, as well as worker and
environmental exposures.
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- The operational depth of deep soil mixing is dependent on the equipment
specifications and the geologic formation in which the cutoff wall is to be installed. The
deep soil mixing method performs poorly in formations with boulders. The presence of
large rock or boulders (> 18") in the Hanford formation can present problems during
implementation. Large boulders can be removed by pre-excavation or worked around by
offsetting the columns. A typical deep soil mixing system requires and area of 130’ x 50" to
accommodate set up and tear down the crane. Operation of the system also requires an
onsite support area and an adjacent equipment decontamination pad. The soil formation must
be able to support the system (crane and mixing tool), approximately 15 pounds per square
foot. :

Removal of the deep soil mixed barrier would be accomplished in the same manner as
the sturry wall.

1.3.1.1.3 Sheet Pile. Sheet piling is a commercially available technology that has
been widely used for earth retaining structures such as dock walls bulkheads, river walls
piers and dry dock walls. The technology has more recently become used for contaminated
groundwater control as seepage cutoff walls. Sheet steel piling consists of hot-rolled steel
sections provided with clutches or interlocks for connecting successive piles to one another
such that a continuous wall can be formed. The sheet piles are usually driven in pairs using
hammers of the double acting type or diesel hammers. The driving of each new sheet is
started once the neighbor sheet has been about one-third driven. Since the sheet pile is
assumed not to undergo bending moments, the anticipated soil resistance to be overcome
during driving will determine the thickness of steel required in the cross section, as well as
the quality of steel from which the piles should be manufactured. The interlock (or annulus)
between sheet piles is completely soil tight and can be injected with a sealant (such as grout)

to ensure an appropriate impermeability.

Characteristics of the geologic formation can impose some limitations in the
applicability of the sheet pile technique. Splitting the web during driving is not uncommon,
“particularty when obstructions or dense granular soils are being penetrated. Driving sheet
piles becomes difficult and often times impracticable in formations which contain large
boulders. Corrosion is another factor to be taken into consideration when evaluating the use
of sheet pile cutoff walls. Groundwater chemistry will have the most significant impact on
corrosion of a sheet pile wall, however, a protective coating can be applied if necessary.
Depth limitations exist for the sheet pile technology with walls currently extending <30 m
(100 ft) in depth.

The sheet pile wall can be removed by puiling the sheets out under vibration. This
process is more difficult when the joints are grouted. A sheet pile wall is being designed for
N Springs. Information from this application should be useful for the other 100 Area
groundwater operable units. If this information is not available in time to meet the schedules
for groundwater IRM, then additional testing of the implementability of the sheet pile wall
may be necessary in conjunction with a geotechnical investigation.

1.3.1.1.4 Jet Grouting. Grouting technology has wide applications in engineering
practice. Grout curtains are typically used as containment barriers to control seepage
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through dam foundations, protect excavations conducted under groundwater level, and
prevent contaminant migration. Injection grouting has also been used for other engineering
applications such as soil improvement, pre-stressing of rock and lifting and leveling of
structures. Grout injection is a technique used to force grout into voids and fissures of a soil
formation to obtain a desired property, such as reduced permeability.

Jet grouting typically involves drilling boreholes into a formation and then injecting
grout under pressure until the voids around the injected section are filled to satisfy a
specified design condition. The properties of the grout vary with the application, and often
times a combination of different grouts are selected based on the specific characteristics of
the site. Grouting consists of the following sequence of operations (Nonveiller 1989):

. drilling injection boreholes in a predetermined arrangement and depth

. preparation, proportioning, weighing and mixing of the selected grout
suspension

. injecting the prepared suspension into the designated section of the borehole
such that soil voids are filled.

The spacing of the injection holes is based on the results obtained from test grouting
plots injected at the site. Rotary or percussion rotary drilling rigs are used for drilling the
injection holes. Rotary percussion drill rigs can be used for depths up to 180 m with drilling
speeds of 20 m/h (65 ft/h) (Nonveiller 1989). Rotary percussion is considered the most
suitable drilling method in Hanford formation due to the potential for subsurface boulders.

The appropriate grouting compound for a specific project is dependent upon the
characteristics and properties of the geologic formation in which the cutoff wall is to be
installed. Thick cement, clay and bentonite suspensions are typically recommended for the
grouting compounds used for uniform medium sand and gravel (Nonveiller 1989). Other
suspensions such as clay cement, bentonite gel and clay gei are used in similar applications.
Treatability studies would be required to determine the optimum grouting compound for use
in the geologic formation of the 100 Area.

The efficiency of injection grouting depends on the maximum pressure at which a
grouted section of a borehole will become saturated. Low saturation pressures will permeate
only a small volume of the soil whereas high pressures will cause hydrofracturing. The
injection pressure must always be higher than the overburden stress at the level of injection.
Formulae to calculate injection pressures are provided in literature (Nonveiller 1989).

In granular soils, the discharge of grouting decreases as the injection process takes
place (at constant injection pressure). This decrease in permeability is a function of three
parameters: the grain size of solids elements of the grout, the percentage of dry materials,
and the state of flocculation (Winterkorn and Fang 1975). Laboratory experiments have
demonstrated that slightly loaded grouts would more easily penetrate a soil than a highly
loaded grout. Therefore, engineering practice shows that the cement quantity should be
minimized to obtain the desired resistance into the soil. Stability of the grout can be ensured
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by low percentages of ultracolloidal clay (i.c., bentonite). Typical cement-bentonite grouts
used to form low permeability soils will contain approximately 170 kg (374 1b) of dry
materials for 1 m® (35 ft}) grout.

The state of flocculation is also a parameter of concern. A stable suspension
penetrates the soil more easily when it contains few grains or when the diameters of the
grains is small. This means that slightly loaded grouts without any cement (i.e., clay and
bentonite grout) are used for impermeability requirements. Clay or bentonite should be
dispersed in the grout as elementary grains and not in flocculated form.

The total grout volume necessary is based on the void volume of the soil. However,
the radius of grout flow is typically irregular and usually involves significant losses of grout
into unintended areas of the formation. Permeable formations, such as Hanford formation,
can result in large losses of grout if the grouting selection has not been carefully planned.

The depth limitation of injection grouting is that of the drilling and pressure unit
devices. Depths of up to 200 m (656 ft) have been reported in literature (Nonveiller 1989).

The grout wall is likely the hardest to remove; the method of removal would be the
same as the slurry wail and deep soil mixed barrier.

1.3.1.2 Containment System Configuration. The containment response action can be
implemented in a number of different ways. The optimum number and location of cutoff
walls and extraction/injection wells required to contain contaminant plumes in the 100 Area
will be determined by hydrologic modeling. Cutoff walls can be constructed to completely
surround contaminant plumes; to divert uncontaminated groundwater around contaminant
plumes; or to prevent migration of contaminant plumes. Extraction wells can be operated to
produce an artificial gradient that stagnates movement of contaminant piumes, to intercept
uncontaminated groundwater before contacting contaminant plumes, or to intercept
contaminated groundwater movement around the barrier. In general, the combination of
cutoff walls and extraction/injection wells will be located such that contaminated groundwater
plumes are isolated and contained.

It is assumed for purposes of this feasibility study that the containment alternative is
impiemented as follows: cutoff walls would be built to prevent migration of contaminant
plumes; groundwater extraction wells, if necessary, would be placed to intercept
contaminated groundwater at the ends of the wall; and injection wells would be placed to
minimize the effects on the overall hydrologic conditions of the unconfined aquifer, if
necessary. The general concept of Alternative GW-3 is presented graphically in Figure D-1.

All the barrier options are assumed to have expected useful lives much greater than
the IRM period.

1.3.1.3 Disposal Distances and Location. Wastes requiring disposal may result from
drilling activities and/or construction of the cutoff walls. Slurry wall construction would
result in generation of more significant guantities of waste than the other cutoff wall
technologies. During slurry wall construction, the addition of slurry agents resuits in a net
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excess of soil. Approximately 33% of the total excavated volume for a soil-bentonite wall
and up to 60% for a soil-bentonite-cement wall would require disposal (Spooner et al. 1985).
To minimize the volume of contaminated soil produced, materials could be segregated so that
the uncontaminated vadose zone soil would make up most of the excess soil.

Radiologically and/or chemically contaminated soils will be transported by truck or
rail to the ERDF, W-025, or another site for disposal. It is anticipated that all wastes will
meet ERDF waste acceptance criteria only preliminary guidelines for waste acceptance
criteria have been identified in the ERDF conceptual design report.

Liguid waste disposal is not applicable to Alternative GW-3. Although hydraulic
control (extraction) wells may be used to remove groundwater to stop contaminant migration
around the ends of the wall, this water would be reinjected into the aquifer in a recycle loop.

1.3.1.4 Monitoring. The containment-action alternative also includes groundwater and
environmental monitoring. Monitoring will be required to evaluate the long-term
effectiveness of slurry walls and provide information to base subsequent decisions regarding
the continued need for containment actions.

1.4 ALTERNATIVE GW-4

A single alternative has been developed for the in situ treatment general response
action (designated GW-4). The remedial technologies and associated process options selected
in the 100 Area FS Phases 1 and 2 (DOE-RL 1994a) for in situ groundwater treatment are:

o biological treatment:
- biodenitrification (nitrates)

. physical treatment:
- air sparging (this may be combined with soil vapor extraction (SVE) to
eliminate venting organics to the atmosphere)

. monitoring:
- groundwater monitoring.
1.4.1 Objective
The objective of Alternative GW-4 is to eliminate source to receptor pathways by in

situ remediation of contaminated groundwater plumes. In order to achieve this objective,
Alternative GW-4 is designed to eliminate nitrate and organic contaminated groundwater in

“situ.  Biodenitrification and air sparging are the in situ treatment technologies specified to

remove nitrate and volatile organic compound (VOC) contamination, respectively. Other in

situ treatment technologies such as biodegradation may be required on a case-by-case basis to
remove semi- or non-volatile organics that may also be present in contaminated groundwater
plumes. It is noted here that the objective of this alternative will not be completely satisfied
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due to limitations in the current status of in situ remedial technologies. Currently there are
no proven or innovative in situ treatment technologies capable of reducing or eliminating the
health and environmental risks from metals and radionuclides.

1.4.2 System Configuration

Although nitrates are expected at each of the 100 Area groundwater operable unit, the
jocation of organic contamination is not as well defined. The LFI for the groundwater
operable unit describe the contamination present in 100 Area groundwater.

Air sparging and biodenitrification systems can be implemented in several different
ways. Each system requires an injection well system to ensure treatment encompasses the
entire plume. Extraction well systems are generally not necessary since treatment occurs
below ground. However, extraction wells can be used to facilitate treatment or satisfy
regulatory requirements. In situ air sparging systems can utilize extraction wells (i.e., soil
vapor extraction) to prevent VOC from venting into the atmosphere (potential regulatory
requirement) or to facilitate vertical migration of volatilized contaminants. In situ
bioremediation systems utilize extraction wells to facilitate effective mixing of nutrients,
microbes, and contaminants.

The size and configuration of Alternative GW-4 treatment systems will be determined
by the extent of nitrate and organic contamination in 100 Area groundwater. Optimizing the
number and location of treatment systems will be determined by hydrologic modeling.
Optimizing operating parameters of the treatment systems will be determined by laboratory
and pilot-scale testing as well as treatability studies.

1.4.3 Unit Operations

The concept of in situ treatment technologies specified for Alternative GW-4 are
presented graphically in Figure D-2. Process operations, equipment requirements, and
design considerations are described below.

1.4.3.1 In Situ Biodenitrification. Development and demonstration of in situ
bioremediation of nitrates and carbon tetrachloride by indigenous microbes in Hanford
groundwater is currently ongoing (Skeen et al. 1993). The process under development
involves stimulating indigenous microorganisms to reduce nitrates to nitrogen gas during
metabolization of organic carbon. To facilitate this process for remediation of 100 Area
nitrate plumes, additions of nutrients (e.g. phosphorus) and a carbon source (acetate or
methanol) may be required. The denitrification process is chemically represented according
to the following simplified reaction:
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i The in situ biodenitrification process proposed involves a combination of extraction
and injection wells. Placement of these wells is specified such that a closed pumping circuit
is developed between extraction and injection wells. Well-to-well interaction is achieved by
using one well for injection and nutrient addition and another well for extraction
(Skeen et al, 1993). Extracted groundwater is transferred to a series of nutrient mixing tanks
before injection back into the aquifer. The interaction between wells enhances flow and
ensures proper mixing between wells (Skeen et al. 1993). Concentrations of additives
required are based on pilot tests and continuous monitoring of extracted groundwater.

Equipment required for the in situ bioremediation scheme includes extraction wells,
injections wells, nutrient feed tanks, mixing tanks, and associated pumps, piping, valves,
monitoring and control systems. Due to the potentiai for leaks and spills in any hazardous
liquid system, secondary containment measures may aiso be required in the event of an
accident. Such measures could include double walled piping, berms around tanks, and
overflow collection equipment.

The number and location of injection and extraction wells would be determined on the
‘basis of hydrologic modeling. Design, installation, and operation requirements for the
extraction and injection wells will be similar to standard production water wells. The
primary design consideration for these wells is locating and sizing the screened area such that
only that portion of the aquifer containing nitrate contamination is affected and the interaction
between wells facilitates the closed pumping circuit concept described above.

Prior to injecting groundwater and additives back into the aquifer, mixing is required
to ensure homogeneity. Nutrient mixing tanks utilizing mechanical agitation by a motor
driven internal impeller are specified for this purpose. The specified mixing tanks operate on
a continuous basis with the capability of maintaining a design residence time.

Nutrient feed can be made directly into the mixing tanks or the piping leading to the
mixing tanks. Nutrient feed tanks are sized according to the required capacity of the system.
A small capacity pump or gravity feed system will be required to inject nutrients at the
specified location in the system.

1.4.3.2 Air Sparging. Air sparging is proposed for remediation of isolated plumes of VOC
contamination in 100 Area groundwater. This remed:ation technology is similar to air
stripping and invoives injecting air into the soil or strata below contaminated groundwater
plumes. Volatile organic compounds dissolved in groundwater and adsorbed onto soils are
volatilized into the gas phase as air bubbles flow upward through the water column
(Hazardous Waste Consuitant 1993). A crude air stripping process is developed where the
soil in the aquifer acts as tower packing that maximizes water surface area contact with air.
Stripped contaminants are either drawn upward and collected with a vapor extraction system
or, if permissible, allowed to naturaily migrate to the surface and enter the atmosphere. An
additional effect of injecting air into the aquifer is that natural aerobic biodegradation may be
enhanced.

Air sparging is generally most effective in coarse-grained soils. Fine-grained soils
tend to require greater air injection pressures that can result in lateral rather than vertical
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dispersion of air (Hazardous Waste Consultant 1993). Air movement in heterogeneous soils
will follow the path of least resistance and can therefore short circuit the intended area of
influence. The potential effects of short circuiting include missing target contamination due
to vertical channeling and/or horizontal migration of contamination (Hazardous Waste
Consultant 1993). High air pressures will likely be required for application in the 100 Area
due to the heterogenous hydrostratigraphy of the unconfined aquifer.

An additional concern involves the heterogeneity of vadose zone soils which range in
particle size from boulders to silt. The heterogeneity of vadose zone soils may prevent
effective natural migration of stripped VOC to the surface for venting to the atmosphere.
Potential for horizontal channelling may result in contaminant migration without venting to
the atmosphere. To eliminate this potential, installation of a soil vapor extraction system is
required with well screens located just above the saturated zone. The vapor extraction
system will capture volatilized contaminants before lateral migration in the vadose zone can
occur.

The number, location, and spacing of injection and extraction wells will be
determined on the basis of modeling and pilot tests. Pilot tests are used to determine the
radius of influence of injection and extraction wells within the subsurface of the area of
contamination. In general, the radius of influence is larger in highly permeable soils and
smaller in low permeability soils (Hazardous Waste Consuitant 1993). To ensure effective
contaminant removal, injection and extraction wells are spaced such that the radius of
influence of each system is overlapping.

There are four types of well configurations used for in situ air sparging: spaced
wells, nested wells, horizontal wells, and combined horizontal/vertical wells (Hazardous
Waste Consuitant 1993). The spaced well configuration is most common and involves the
use of independent vertical wells to perform extraction and injection. The nested well
configuration involves the use of a single vertical borehole to perform both injection and
extraction. The horizontal well configuration utilizes horizontal drilling techniques or
trenching to install injection and extraction wells. Combined horizontal/vertical wells uses a
combination of both vertical and horizontal wells to perform injection and extraction. The
configuration best suited for remediation of 100 Area sites must be determined on a
case-by-case basis.

Equipment requirements for the proposed in situ air sparging system include an
extraction/injection well network, vapor abatement system (if necessary), air compressor or
blower, vacuum pump, and associated piping, valves, monitoring and control equipment.
The compressor or blower size is typicaily based on a design maximum expected flow rate
and pressure. Each injection well requires pressure measurement and regulation controls to
maintain the design operating conditions. Typical well construction materials include metal
or PVC piping. Injection well screens are generaily 1 to 3 ft in length and must be properly
sealed to prevent air fiow into the borehole (Hazardous Waste Consultant 1993). Due to the
elevated temperature of air leaving the compressor, steel and/or rubber air hose is
recommended for the pressurized air distribution system (Hazardous Waste Consultant 1993).
Captured vapor will be released to the atmosphere unless an abatement system usmg carbon
adsorption, thermal treatment, or chemical oxidation is used.
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- In situ air sparging may artificially elevate the water table. This effect should be
considered if floating free product is present or if elevating the water table would impact the
direction of plume migration.

1.4.3.3 Groundwater Monitoring System. Post-treatment monitoring of nitrate and
organic contaminant plumes will be necessary to ensure that established remediation levels
have been satisfied. The number and location of monitoring wells required will be
determined based on contaminant distribution. Monitoring well design, equipment
requirements, and installation are unique due to periodic use and the necessity to obtain
representative groundwater samples.

Monitoring wells are typicaily operated at low, intermittent pumping rates and
therefore require much smaller pumps than production-type extraction wells. Wells will be
installed to ensure that samples taken are representative and do not include contaminants
resulting from materials used for well installation. Also of concern is potential interactions
between construction materials and the groundwater being sampled. The design of
monitoring wells therefore must specify construction materials that are inert to the chemistry
of groundwater being sampled.

1.4.4 Disposal Distances and Location

Wastes requiring disposal include well drilling and construction wastes and vapor
treatment wastes. All other treatment processes are in situ treatment techniques, thereby
eliminating any other disposal requirements.

1.5 ALTERNATIVE GW-5

Alternative GW-5 has been developed as a removal, treatment, and disposal GRA.
The remedial technologies and associated process options that comprise this alternative were
initially specified in the 100 Area FS Phases | and 2 (DOE-RL 1994a). Based on review of
additional information (LFI, 100 Area aggregate studies, treatability testing, and refined
RAO), no modifications to this alternative are required, Therefore, the remedial
technologies and associated process options are as initially developed:

. removal:
- extraction wells

o biological treatment:
- biodenitrification (nitrates)

. chemical treatment:
- chemical oxidation (organics)
- precipitation (heavy metais and radionuclides)
- chemical reduction (hexavalent chromium)
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Toe physical treatment:
- filtration (remove precipitates and suspended solids)
- ion exchange (polishing for removal of any remaining ionic
contaminants)

] stabilization/solidification:
- cement-based solidification (secondary waste streams)

. liquid disposai:
- river discharge or reinjection into an aquifer

o solids disposal:
- ERDF, W-025, or other site

. monitoring
- groundwater monitoring.

1.5.1 Objective

The objective of Alternative GW-5 is to contain the contaminant plumes from
reaching the river or migrating outside the operable unit and to eliminate source to receptor
pathways by removing, treating, and disposing of contaminated groundwater. Alternative
GW-5 is designed to remove contaminant plumes from the unconfined aquifer; treat
contaminated groundwater to the levels established by remedial action goals; isolate and
dispose treatment residuals from the accessibie environment; and reinject treated groundwater
into the unconfined aquifer or discharge it to the river.

1.5.2 Size and Configuration

Several options are available for implementing groundwater treatment, including a
single treatment facility for all contaminated groundwater within the 100 Area or separate
treatment facilities for each groundwater operable unit. Although past practices at the 100
Area reactor sites may have resulted in the same contaminants being released to the.
environment, sampling and analysis indicates the concentrations of contaminants in each
operabie unit are not the same. Therefore, separate treatment facilities at each operable unit
are considered to prevent cross-contamination and enable tailoring treatment systems to
specific contaminants of concern at each operable unit.

Pump and treat alternatives have variable life cycles depending on remediation goals

and technology performance for specific sites, i.e., the system can run until goals are met or
until the technology limitations are met.
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1.5.3 Unit Operations

Figure D-3 is a conceptual flow diagram of the unit operations proposed for
Alternative GW-5. Each unit operation, equipment requuements and options, and design
considerations are described below.

1.5.3.1 Groundwater Extraction System. The below-ground portion of the groundwater
extraction system will consist of a series of extraction wells. The extraction wells proposed
for removing contaminated groundwater from beneath the 100 Area will be similar to
standard production-type water wells used for domestic and industrial applications. The
number and location of extraction wells required for each contaminant plume will be
determined by hydrologic modeling.

An extraction well consists of vertical borehole tapping the contaminated aquifer.
The depth of the well is determined by the vertical extent of contamination and the
characteristics of the aquifer. Casing materials wouid conform to DOE and state
requirements for well completions. The casing serves to maintain the borehole integrity and
support the pumping mechanism. The well casing is grouted into place so it will not be a
conduit for the downward migration of additional contamination.

Extraction wells should be completed using stainless steel, continuous wire-wrapped
well screens. The screen prevents sediment uptake and provides support for loose formation
material (Driscoll 1986). The screen slot size is specifically designed for the aquifer
materials to minimize entrance velocity and prevent the influx of aquifer fines after
development. The screened interval of the well must be developed following installation and
before it is used for remediation. Development consists of optimizing the flow
characteristics of the well screen/aquifer interface by the removal of aquifer fines through
surging, over-pumping, or other means.

Any commonly available well pump may be used for extraction of contaminated
groundwater. Selection of pump type and power are determined by the response of the
aquifer to pumping, the movement of contaminants and the capacity of the remediation
system. Typical systems, in order of decreasing capacity and/or pumping depth capability,
include:

line-shaft turbines
submersible turbines
jet

centrifugal

positive displacement
peristaltic.

Centrifugal and peristaltic pumps are generally not applicable for suction (i.e., inlet)
lifts exceeding 6 m (20 ft) (Driscoll 1986).

The above-ground portion of the groundwater extraction system will consist of a
piping network that connects each extraction well to a manifold. From the manifold a single
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pipeline will bring contaminated groundwater to a storage tank near the treatment area. The
storage tank will allow flow equalization and settling of suspended solids that may interfere
with subsequent treatment operations. The piping system will be of double-walled
construction to ensure leak protection. A single-walled, above-ground storage tank is
specified with secondary containment provided by an engineered berm. Pumps, valves,
sampling, and monitoring equipment will be specified as needed for the capacity and
requirements of the system.

1.5.3.2 Chemical Oxidation System. Chemical oxidation is the initial unit operation
proposed for destruction of organic contamination in 100 Area groundwater. Groundwater
and reagents, such as hydrogen peroxide and ozone, are pumped into a process vessel where
organic contaminants are oxidized (the reaction may be enhanced by ultraviolet light). A
simplified reaction (for a hydrocarbon) of this process is:

CH+H,0,/0 xCO,t + HO

Groundwater entering the chemical oxidation system is filtered to remove suspended
solids. Two cartridge filters arranged in parallel are specified for this application to allow
for continuous operation during maintenance or filter replacement. After filtration the
oxidizing reagent is combined with the groundwater and passed through a static mixer to
ensure the feed into the oxidation reactor is homogeneous. A static mixer is selected for this
application for simplicity, as such a unit has no moving parts and requires no maintenance or

operating costs.

‘Once the groundwater and reagents have been combined, the mixture is fed into the
oxidation reactor vessel. Inside the reactor this mixture is exposed to ultra violet lamps that
catalyze the oxidation process. Organic contaminants are oxidized to form carbon dioxide
and water (assuming 100% reaction efficiency). A hydrochloric acid scrubber is required if
chlorinated organics are present>. An acid or base may be required to adjust pH before and
after the oxidation reactor to optimize the efficiency of oxidizing organic contaminants
(EPA 1993).

1.5.3.3 Precipitation System. Following chemical oxidation, chemical precipitation is
proposed to remove radionuclides and heavy metals. In general, metal contaminants can be
precipitated from solution as hydroxides, sulfides, carbonates, or other insoluble saits

(EPA 1987). Common precipitation reagents include lime, caustics such as sodium
hydroxide, suifides such as sodium bisulfide, ferrous sulfide, calcium carbonate, and sodium
carbonate (Corbitt 1990). However, because contaminant concentrations are so dilute, most
of the precipitating species will consist of common water minerals. Common methods for
precipitation involve addition of precipitation reagents or pH adjustment.

zH)rdrcbchlcn'it: acid is a byproduct of oxidation of chiorinated organics.
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- Specification of precipitation reagents and pH is contaminant dependent. A
precipitation reaction resulting in the formation of an insoluble form of strontium-90 occurs
as described by the following simplified reaction:

2Sr + CO, -%SrCO,

A conceptual chemical precipitation process consists of a mixing tank, a reagent feed
system, and a clarifier tank. Associated piping, pumps, valves, and monitoring and control
equipment complete the equipment requirements. The process stream and precipitation
reagents are combined in a continuously stirred continuous flow (CSCF) reactor vessel. The
mixture is then pumped to the clarifier tank where the resulting insoluble salts are separated
from the process stream as a concentrate. The process stream or overflow from the clarifier
is then pumped to chromium reduction process.

The concentrate from the CSCF reactor is pumped to a rotary drum filter for
dewatering. A filtration media such as diatomaceous earth is added to the concentrate to
facilitate the filtration process. The resulting filter cake is collected and transported to the
solidification system. The liquid effluent from dewatering is combined with the process
stream from the clarifier for subsequent treatment in the chromium reduction process.

1.5.3.4 Chromium Reduction System. Following chemical precipitation unit operations,
chromium reduction is proposed to reduce hexavalent chromium. Hexavalent chromium can
be reduced from the soluble hexavalent state to the less soluble trivalent state (pH =3) and
precipitated under basic conditions (pH of 8 to 9) (Corbitt 1990). Chromium may also be
reduced by reaction with reagents such as sulfur dioxide, sulfite salts (such as sodium
metabisulfite), and ferrous sulfate (Corbitt 1990). Hexavalent chromium can be reduced by
reacting with sulfur dioxide and then precipitated as a hydroxide according to the following
reactions:

Cr,0F+ 6Fe?+ 650X+ 14H - 2Cr*(SO}), + + 6Fe™

The chemical reduction process is similar to the chemical precipitation process
described previously. Separate process equipment is required to perform chemical reduction
because of the conditions and reagents under which the required reaction occurs. The
process stream, reducing agent, and precipitation reagent are combined in a CSCF reactor
vessel. The mixture is then pumped to the clarifier tank where the resulting insoluble salt is
separated from the process stream as a concentrate, The process stream or overflow from
the clarifier is then pumped to the biodenitrification system.

The concentrate from the CSCF is pumped to a rotary drum filter for dewatering. A
filtration media such as diatomaceous earth is added to the concentrate to faciiitate the
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filtration system. The resulting fiiter cake is transferred to the solidification process to be
prepared for disposal. The liquid effluent from dewatering is combined with the process
stream from the clarifier for subsequent treatment in the biodenitrification system.

1.5.3.5 Biodenitrification System. Following chemical reduction, biodenitrification is
proposed to reduce nitrates to elemental nitrogen. The growth of microorganisms is
dependent on the availability of nutrients and a carbon source (Corbitt 1990). In the
denitrification process, bacteria use nitrates as an electron acceptor. Denitrification occurs
according to the following simplified reaction:

Bacterial Mesabolic Process

NO,! - N,t

The biodenitrification treatment process requires a feed system, reactor vessel,
clarifier, and monitoring and control equipment (Brouns et al. 1991). Piping, pumps, and
valves are required as needed for the capacity requirements of the system.

The feed system adds nitrate contaminated groundwater plus a carbon source, such as
acetate or methanol, into a reactor vessel. Depending on the type of bioreactor, recycling
biomass or growth of the original culture will preclude the need for addition of bacteria.
Off-gas chemistry, pressure, temperature, and pH are monitored to control the denitrification

process.

Bioreactors are generally classified into two categories: suspended-growth systems and
fixed-growth systems (Corbitt 1990). Suspended-growth systems, such as a continuously
stirred-tank bioreactors (CSTR), or fixed-growth systems, such as a fluidized-bed bioreactors
(FBR), can be used for denitrification applications (Brouns et al. 1991). The CSTR vessel
mixes contaminated groundwater with suspended biomass to maximize contact between
contaminants and microorganisms. The FBR vessel contains biomass attached to a support
media, such as anthracite coal. Contaminated groundwater passes through the support media
where nitrate contaminants contact microorganisms.

Effluent from the reactor vessel is sent to a settling tank. In the case of the CSTR,
suspended biomass is removed for recovery and recycled back into the reactor. The settling
tank clarifies the effluent for subsequent processing in the ion exchange process.

1.5.3.6 Jon Exchange System. Following biodenitrification, ion exchange is proposed to
remove radionuclides not readily precipitated (either by pH adjustment or by redox), such as
cesium-137 and technetium-99. The ion exchange process is the final unit operation applied
to contaminated groundwater prior to reinjection into an aquifer. Both cation and anion
exchange resins are proposed to ensure removal of any contaminants that may still remain in
trace concentrations. The proposed ion exchange process consists of media filtration
followed by separate cation and anion exchange columns, and a resin regeneration loop.
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- The performance of ion exchange resins will be impaired by the presence of
suspended solids, bacteria, colloids, or oily materials in the feed stream (Corbitt 1990,
Moghissi et al. 1986). Therefore, the process design specifies that the feed stream is filtered
prior to entering the exchange columns. Two cartridge filters arranged in paraliel are
specified for this application to allow for continuous operation during maintenance or filter
replacement. Pressure monitoring equipment is required to identify when replacement is

The proposed ion exchange design will utilize a separate-bed system as opposed to a
mixed-bed system in order to facilitate resin regeneration. The separate-bed system involves
two vessels arranged in series. The first vessel containing the cation exchange resin and the
second vessel containing the anion exchange resin. The separate-bed system is preferred for
removing specific radionuclides (Moghissi et al. 1986). Similar to the cartridge filter design,
two separate-bed systems may be arranged in parallel to allow for continuous operation
during maintenance, regeneration, or resin replacement.

Specification of ion exchange resins for this process will depend on the type of
contaminants to be removed, the contaminant concentration remediation levels, and the
presence of other ions in the feed stream that may interfere with the efficiency of removing
contaminants (Corbitt 1990). There are four general types of ion exchange resins that
include strong- and weak-acid cation resins and strong- and weak-base anion exchange resins
(Corbitt 1990). Ion specific exchange resins are available for isotopes of Cs*, Co*?, S§r*?,
and Mn*? (Moghissi et al. 1986). lon-selective exchange resins can be used to remove any
one or more these specific contaminants. Selective resins are typically zeolite and
glass-based materials. The primary benefit of ion-selective exchange resins is a reduction in
the amount of resin spent on removing ions from the process stream that are not of concern.

Strong-acid cation and strong-base anion exchange resins have a low regeneration
efficiency (Moghissi et al. 1986). Therefore, regeneration of these resins can result in large
quantities of regenerative waste. Conversely, weak-acid cation and weak-base anion
exchange resins can be regenerated with near stoichiometric quantities of regenerants
{Moghissi et al. 1986). Another option is a chabazite zeolite cation exchange resin. The
zeolite resin is nonregenerable and would be discarded after loading. The benefit from using
the zeolite resin is that it is not regenerated and thus no liquid regeneration wastes are
generated. The only waste product is the contaminated solid zeolite. These once-through
zeolites are economical because the secondary waste is a solid waste rather than a liquid
waste which must be further processed (at considerable additional cost).

A regeneration loop is included in the ion exchange process to maximize the life of
the ion exchange resins. A design variation may avoid regeneration by specifying disposal of
spent resins (e.g., chabazite zeolite); however, regeneration is assumed in this application for
conservatism. Monitoring the conductivity of the effluent from each ion exchange vessel will
identify when the resins will require regeneration. Regeneration is accomplished by stripping
contaminant ions from exhausted resin beds with concentrated acid, caustic, or other reagent
solutions. In this process, contaminant cations are replaced with innocuous cations, such as
hydronium (H*), and contaminant anions are replaced with innocuous anions, such as
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hydroxide (OH’) (Corbitt 1990). The equipment requirements to perform regeneration
include acid and caustic storage tanks, regenerative waste storage tank, and any associated
piping, pumps, valves, and monitoring equipment.

The regeneration loop results in secondary liquid waste requiring solidification prior
to disposal. Therefore, liquid regenerative wastes will be sent to a cement-based
solidification process.

1.5.3.7 Cement-Based Solidification System. Cement-based solidification is proposed for
all liquid-, sludge-, or slurry-type waste streams generated as a result of treating
contaminated groundwater prior to disposal in t